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DESCRIPTION 

CANCER GENE THERAPEUTIC DRUG 
Technical field 

This o relates to a cancer gene therapeutic drug, and a 

' A \ as v " ^^A.Ci.iLliLUi...l cancer gene u-i-^-:-! i ••• i • kk* .- therapeutic drug. 

Background art 

iiv' : " Recently, a cancer gene therapy has s\>\i be*-<: attention as a -fo» ; 

cancer therapy . A--a«4-a- variety of gene therapies have been proposed 1 -> _ and 
clinical trials have been , o . o Among them, a clinical trial 

a phase I study. Hum Gene Ther., 1995 JoK N s tot t>: a 

cancer gene therapy using carrier cells."Was-f^feRjB^ This cancer gene 

therapy useds - an ovarian cancer cells (PA-ll with a HSV-tk gene from a by-retrovirus as the 
carrier cells The a ^d-ks-clinical trials tested it for ovarian cancer therapy,, as well as,, malignant 
mesothelioma therap y have been carri e d out (see \ . . ^\ \ - 4 \ Clinical 
; • . v at of Malignant Mesothelioma with a Gene Modified Cancc- r ; \ I? § s;:i - 

PhjS?. I, KlVx.iy,^,: Qq M IhO NOVejlAe? A'. AA)8 V<J7V 264 264A Hu^H GCiU 

) Culver (Culver. 

\" > U \ v % v e r with retroviral vector-producer cells for ■( 

o v \ - used mouse cell 

NIH-3T3 eeife-as the carrier cells and o , w a clinical trial , •. , n>yt a 

cerebral tumoi x \ - ? i«* I vo>o its application for 

human cancer therapy^v-hewe^e-Krrequires human derived cells as the carrier cells. 

fOO&^H A gene therapy using die .ovarian cancer cells PA-1 as the carrier cells was also 
carried out v ( s v v s ' 

AAAA2L.A:.:. . ; ■ e Ho; - 1 ■ . e '■■ • .: i \1: A:; v A" e i iKlliUi M 

R[A V Aj v.A.^AAALAAA:.:. LLiA.A A..\ 2 A"*- ' : .A i.AA LALiJ >J : ""^ -v ^^;-:i:^^•-■ ; vv^••i•^: : e••• : V•>v••4 

\k'\v>i U>\c>). ....This gene therapy A^"....^-'^^-:* b an oncolytic virus.....-which specifically 
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proliferates in tumor cells, -fln4 - tj he virus is infected into the carrier cells (producer cells) and 

then the infected carrier cells are administered into the tumor site. ...Herpes simplex 1 (HSV-1) is 
used as the oncolytic virus.__ In an animal experiment. , c their 

intraperitoneal - into a nude mouse model with ovarian cancer 

transferred to theperitoneal cavity ( Vnblk tu--n \ "-■ n ^ o nt-l 

hiternr ■;oua1 Publication No. 0 ; C- 5 .f , . . iv.*; 5 \^--^v \ ,s. I : .^iiHI. 

i V -uc m»*H-< ovarian cancer cells PA-1 show the sblj ij to high \ 

proliferate^ *4*H*v and c>u be easily manipulated, but they have a drawback of being fragileky 
with a small cytoplasm. Therefore, introduction of the HSV-tk gene by retrovirus gives little 
expression of the HSV-tk gene in the tumor site and no satisfactory antitumor effect was obtained 
against ovarian cancer or malignant mesothelioma. 

The use fO OGS^-A - ppti eat ioft- of PA-1 as the .carrier cells- in the cancer gene therapy with 

the oncolytic virus HSV-1 showed no significant antitumor effect in comparison to that of a 
therapy with only the oncolytic virus HSV-1 \ \ x administrations ^ ! v 

i-.et1+>H-v>ed-i-H--thbe cancer gene therapy with a vmnrrvirus cannot be eg due d because of the 
p.NHsoi! •>: oj h v neutralizing antibod >-s in the blood against the cells. 5 \ingAppl* .u>->? 
PA- 1 cells results in little production of the. virus due to t fragil ;\ - -e+ i - 1 he u- disruption 
before infection to the target tumor cells by cell to cell interaction, and inactivation of the virus 
by wi-th-ite-neutralizing antibodiesv may produce lead-fe-no significant antitumor effect. 

fOOO€-]-Furthermore, the patient's own cancer cells or fibroblasts c »uld be afe-used as the 

carrier cells in a clinical trial of cellular immunological gene therapy. ,\ * his 

procedure requires a long time to get a stable cell line and they arm difficult to manipulate. 
A-ki-addition v. < s individual difference o N \ + + - * introduction of the 

gene and it is difficult to get a stable effect. 

Ft¥M li^KHtHV^ V' 1 ^UW.t 3-^^? - ' - 

i- k^"t+" \... >■.:]..:.;.:::<;■■ V : . .\ :.\. ; . ; : . : : . : j,.: : . 
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Problems to be Solved j 

The purpose of the present , • - is to solve the above problems and 
to find new carrier cells that exhibiting potent antitumor effect .\ cancer gene therapy- 
using amhe oncolytic vims. . . ^ v to establish a new cancer gene therapeutic 

method exhibiting a very potent antitumor effect using the carrier cells etc., and to provide a new 
ih-.-rapeuu-, n< ihvJi y hu. ! j cancer gene therapeutic drug s kh 

Means for solving the problems 

i;tH> <a } The applicanti nventofs of the present u*ve-i*-. < have investigated 

u-.f -M^vH^-the above problems and found i s^-i: 
■s-(l) a more potent antitumor effect can be obtained by using a specific cell line as the 
carrier cell in comparison to that of a conventional carrier cell, and 
(2) indue -.^vv and raising ef-a cytotoxic activity reacti on mwvdi vW.*.vk f 
lymphocytes (CTL reaction) within a living body v h 5 administ-.siiu:,; n\ h>« 

et-a virus for immunological treatment prior to -follewed-by-adminisi ^ ^ H-i<->*i ,h the 
carrier cell infected with an oncolytic virus, gives a very potent in vivo antitumor effect, 
and accomplished the present H*^H+'-*kWvv!5/. 

fO0-l-0i-That is, a cancer gene therapeutic drug of the present invention sc mre (in other 

words, a drug kit for cancer therapy) is a combination of: a virus for immunological treatment to 
be administered for inducing a CTL reaction within a living body and (or k> administ, is - 1 
ef -to the ^ -carrier cell; and a carrier cell to be infected with an oncolytic virus before *he 
administ ^ \ ^ so as to make the oncolytic virus act on a tumor cell 

within the living body. 

The virus for immunological treatment and the oncolytic virus of the present 
wwn4wdisclosuie are preferably selected from viruses, such as. adenovirus, herpes virus, 
lentivirus, such as B TV virus, retrovirus, reovirus, vesicular stomatitis virus (VSV), and any other 
oncolytic viruses. ___Among them, adenovirus gives a__favorable results as shown later and 
c , * be \ use 

{-V<0 Preferably, the oncolytic virus of the present ^v^KNHh-ujo;; • c nas a tumor 

specific promoter, according to the kind of cancers to be treated, including such as 1A1.3B 
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promoter (IAI.-3B promoter), midkine (MK) promoter, 0-HCG promoter, SCCA1 promoter, 
cox-2 promoter, PSA promoter, or any other tumor specific promoters. ...Any oncolytic virus, 
capable of infection and proliferation in the target tumor cells, such as. adenovirus including its 
wild type, can be used in the present - > . Oncolytic viruses without a tumor 

specific promoter, such as an E1B gene deficient oncolytic adenovirus of ONYX 
Pharmaceuticals Inc. and an E1A gene partially deficient type Ad5-A24 adenovirus of University 
of Alabama at Birmingham (UAB), may be used. 

fO*u H The viruses for the immunological treatment used in the present 

iffi^K i &H dis ckxsu re are preferably a non-proliferative type and/or an... inactivated type by UV 
irradiation, etc. __Jnactivation by UV irradiation, etc., may shorten the period between 
admiriisto>::K **h^ the virus for immunological treatment and administering ration- of - the 
carrier cell. 

jOON; The carrier cell of the present t^s s v preferably selected from 

A549 cells, 293 cells, SW626 cells, HT-3 cells (HT-III cells) and any other human derived cancer 

cells or normal cellsr-% Further, other commercially available cell lines, such as, PER.C6 cells 

of Crucell may be used. I \e -\ above mentioned A549 cells, 293 cells, SW626 cells and HT-3 
cells gave favorable results as described later and are more preferable as the carrier cell -a^d 
A549 cells are particularly favorable among them. 

fOO-l-§-}--The cancer gene therapeutic drug of the present kw-e-B-t-ii nd sclos t (a drug kit for 

cancer therapy) is a combination of the virus for immunological treatment and the carrier cell, or 
further including the oncolytic virus to produce gi-v-mg -a kit composed of three members. 

v V ,w ,v the kits may include one or more substances of (1 )-.-.. (4) shown below. 

(1) Atelocollagen 

(2) GM-CSF (granulocyte-macrophage colony stimulating factor) expression vector to 
be infected to the carrier cell before administration 

(3) Iron preparations 

(4) Porphyrin compounds (e.g. 5-aminolevulinic acid: ALA) 

IxH'i M Together w ith s!« administ nojjrau-"-* * the virus for immunological treatment, or 

before or after it, administ ering r ation of a n irradiated tumor cell (a patient derived or a generally 
available one with similar antigen) is •pfefef preferredft ble- for tumor vaccination (tumor 
immunization)---. The cancer gene therapeutic drug of the present - - ■, ^ o may 
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include such irradiated tumor cell for the tumor vaccination. 

{-(-)04 : 7-]--The cancer gene therapeutic method of the present ;-h- etvst--»*:<jjscJosure comprises 

a step for administ. ' a virus for immunological treatment to induce a CTL reaction 

within a h* i^i^t body to administer..KKk>H~w*~-a carrier cell; and after a predetermined 
period, j a step , , o s administ v . ^ ^ - a carrier cell to be infected 

with an oncolytic virus before tbe -administ g the ( m so as to make 

the oncolytic virus act on a tumor cell within the ju tnv^H^K-w body. 

The period from vh^ administ, t ig?a*k> < f -4 the virus for immunological treatment 
to *fee-adminisL i \g - tfien ei the carrier cell in the cancer gene therapeutic method of the present 
:'K^i'-';.' scj_; si re is preferably set to be two weeks or more, and not more than 13 weeks (more 

preferably three weeks tow four weeks)—. Preferably, (1) the dose of the virus for 

immunological treatment may be set between about 10 5 viral particles and 10 11 viral particles for 
a patient with antibo dies^ negative to the virus, while between about 10 2 viral particles and 10 7 
viral particles for a patient with antibodies positive to the virus, (2) the dose of the oncolytic 
vn ns s the carrier cell may be set between about 10 9 viral particles and 10 14 viral 

particles, (3) the infection fate concentration of the oncolytic virus to the carrier cell may be set 
between about 0.1 viral particles/cell (hereinafter referred as "vp/cell") and 2,000 vp/cell 
•K^Mpre preferably between five vp/cell and 500 vp/cell). 

f©0-l-9Hn the cancer gene therapeutic method of the present inv€ft&6H di sc I osure , adoption 

of one or more steps of the following (1) to (5) is eviedable: 

---(I) Administ i ]g the carrier cell by intratumor injection, 

-(2) Administ;::. atelocollagen together with the carrier cell, 

-(3) Administered -^-u-.h-.g the carrier cell having beet infected with *w the 
oncolytic virus and ybw -^a l s ^ -a GM-CSF expression vector, 

-(4) Administ i » an iron preparation and/or a porphyrin compound [e.g. 

5-aminolevulinic acid (ALA)] together with the carrier cell, and 

-(5) Administ- i g a tumor cell for tumor vaccination together with, or before, 

or after, the virus for immunological treatment. 

Effect of the I o , o 

)- 0y - 2*H-T he cancer gene therapeutic drug of the present « * - - 3 is a 
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combination of the two drugs composed of the virus for immunological treatment to be 
administered in advance and the carrier cell to be administered afterwards. Immunological 
treatment in advance by administ ; the vims, such as., adenovirus and then 

administ»t*t-K»«»"v4' nn g the carrier cell k ^ infected with the oncolytic vims provides a 
direct antitumor effect by infection of the oncolytic vims to ihejarget tumor cells, and further 
induces the CTL reaction within the living body to the infected target cells w iiu h providesiag 
a very potent in vivo antitumor effect. 

i- OU - 244- Still further, use of a cell line--vw4>-^..M:di J as. A549 cells v \c ; : i\o-v4*k high 
antitumor effects both in vitro and in vivo, provides a more potent antitumor effect in comparison 
to those of conventional carrier cells. 

Brief description of drawings 

f00221 [ "Fig. F igure 11 The graph shows the results oi * 

proliferation * + * o % \ >; o ovarian cancer cells HEY using various cell lines as carrier 
cells, expressed by cell numbers at IC50. 

{Mg rFigure 2} Th e graph shows the in hibitory effect f es^lte--<>f-^wej^g^k»a---oirf the 

proliferation infeibitoiy- e ff e et-o f oncolytic viruses without and together with carrier cells to the 
ovarian cancer cells HEY in the presence of antiviral antibodies, expressed by antibody titer of 
anti-adenovims antibodies at IC 50 . 

3t 1- te-ynp t t- shows the - . i gbulfc of inv i o 

proliferation i. of oncolytic adenovims infected earner cells (such as 293 cells) to 

the ovarian cancer cells HEY in the presence of antiviral antibodies, expressed by antibody titer 
of anti-adenovims antibodies at IC50. 

4| $■'■>• -shows the Ovi sc sults of investigatio n o; -Jv* 

proliferation h?4*-:-K:+--*-v -e-;-;->. : r - to ;j\ -_ : ovarian cancer cells HEY using carrier cells of 293 cells, 
A549 cells, SW626 cells and HT-3 cells in the presence of antiviral antibodies, expressed by cell 
numbers. 

H 1 5 v t ph shows the >om:Hs ^.^k^-Uk-h f-in vivo antitumor effect of 

oncolytic adenovims infected carrier cells, using a tumor model with 10- -.15 mm massive tumor 
formed by subcutaneous transplantation of human ovarian cancer cells RMG-1 in a nude mouse. 

0 6 shows the - - = ; 0 d in vivo antitumor effect of 
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oncolytic adenovirus infected carrier cells, using a tumor model with 10---.15 mm massive tumor 
formed by subcutaneous transplantation of human ovarian cancer cells PA-1 in a nude mouse. 

fR-g- i "iviiio 7| T4*?»*htf4»- shows the %o i in vivo antitumor effect of a 

cancer gene therapeutic drug of the present iBv^5Hk>«.djscl:.\si:;:i using a subcutaneous tumor 
model mouse [(C57BL/6xC3/Hel) Fl mouse] with normal immune system. 

|4- : it-- Liillb: 84 The luyun? shows a : •: micro^a^h ■ . of -. cell fusion 

of A549 cells due to administration of adenovirus. 

4- " k 9 ^ «- shows a control ^ nnicio ot A.549 

cells without administration of an adenovirus. 

10 (a) shows the es s - - ^ - midkine (MK) mRNA 

expression by RT-PCR in human surgical samples of 1 - 21 ; g* « « (b) shows the 
..,,oau--n midkine (MK) mRNA expression by RT-PCR of four cell lines of 
malignant gliomas in a similar manner; and (e > show s the ^ - 

ef-midkine (MK) expression in ihe- each of the above cell lines by Western blotfeg 

analysis. 

fE%gyFigure 11} The— gi=aph— shows the results of a__comparative investigation of thea 
promoter activity in fee-above-each of the above cell lines using two different length midkine 
promoters. 

fFigrFigure 121 Gfaph--(a) shows a schematic structure of the oncolytic adenovirus, 

having the midkine promoter, designed in the present ^w'^'",: ; and - *h 

(b) shows the v ^ El A protein expression in *i : ;e-ak : >v--each ^L!jA;..j:h:\A: 

cell lines infected with three kinds of adenoviruses by Western blotfcmg analysis. 

{RgrFigure 13} Gra p h (a) shows the results of a_comparative investigation of the 
inhibitory elUv ? ---s cancer cell proliferation inhibifwy • t'tVt i with three kinds of adenoviruses; 
Figure I i;Ktf>h~ ( b ) shows the s ^ • 4-4mf€s%atofr-e£- adenovirus E3 domain's influence on 
the whib$t.\* ess- 0 ; proliferation ^ > e v\ ; and s - (c) shows the re- ••>;•- 

antitumor effect of an ...adeno virus in a nude mouse subcutaneous 
transplantation model with ajumor of 5 mm diameter. 

fRffvPisun: 14] The graph shows the results of the .antitumor effect of carrier cells 

infected with an oncolytic virus having the midkine promoter on a massive tumor with a 10--..-.15 
mm diameter, compared with administ^ oncolytic vims without carrier cells. 
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[l >t: i • 15 - 1 ii-aph shows the ^-^H-v--rm--^^ of Fe on the 

\-d\ * on the ovarian cancer cells PA- 1. 

16 ^ shows the ^ -f-wu— r ^ influence of ALA on the 

i of ovarian cancer cells PA-1 . 

shows the • • < • \ . • > o u • •> t — ^influence of the 
coexistence of Fe and ALA on the 

i H 4 H .^ the j ovarian cancer cells PA- 1 . 

[\ >&.\jt\>}\ 1 8 r l-'h^ ifh (a) shows the r e sults of in v es tigation of in vivo antitumor 
effect of a cancer gene therapeutic drug of the present m^ u- mo (in the case of no UV 

irradiation treatment on the virus for immunological treatment) using a subcutaneous tumor 
model mouse [(C57BL/6xC3/He) Fl mouse] with normal immune system; and 
(b) shows the estfe< - long term ebservatie^-ei-- survival rate of each mouse used for the 
experiment. 

- 191 Th e graph s show the interval between the -e- 

administration interval of fteaHhe virus for immunological treatment and the admini it ition of 
*e~the carrier cell....- Figure I9p &pk (a) shows the observed --resak-s -e f -tumor volume in each 
mouse; and Figure 19g r-aph (b) shows the ebsefved-f«siilte--of-tl^e--survival rate in each mouse 
group. 

20 - (survival curve) show s v * t whether the 

al>f>v^ administration interval in 1 igure 19 can be shortened by fee— usinge e4- -adenovirus 
UV-Ad-P-gal inactivated by UV irradiation as jhea virus for immunological treatment. 

H | igun 21 M \fM (tumor growth curve) shows H-^--r- ® SBlte-^f"jn : v^tiga^B--OH-the 
administration rate of fee m e nen^oa e d-U V-Ad-P-gal used as the a -virus for immunological 
treatment. 

22 show the ^ -& tumor vaccination effect,; 

M : A ; •■: (a) shows the e>; ■ 4 a-ks-e fee-tumor volume in each mouse-; and : 

(b) shows the ■ h- .•• - > - survival rate in each mouse group . ...The number (n) 

of each mouse group >\ j ■mr.-k^H^-^-five animals ^ ^ N . __In the ! • , . control 

"SCC7" and "OVHM" show the *^-a-ki>-e£-subcutaneous transplantation of squamous epithelium 
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cancer cells SCC7 or ovarian cancer cells OVHM at a Fateconcentration of lxlO 6 cells, followed 
by administ, H AdE3-lA1.3B infected carrier cells A549 to mice. "OVHM-RT + 

Ad-P-gal— >SCC7, OVHM" shows the ?est4te *h subcutaneous transplantation of SCC7 or 
OVHM, followed by administ^ s AdE3-lA1.3B infected carrier cells A549 to mice, 

after the mice had tumor vaccination with irradiated OVHM and ^1-^ administrate i; i Vr»>g 

Ad- P- gal for induction of the CTL to the adenovirus. 

H-iri-:! o 23 I - (survival curve) shows the tv^w,^; sv*-*ii» tumor 

vaccination effect with non-small-cell lung cancer A549 cells. The number (n) of each mouse 
group • \ -4 10 animals In the s , o, control, "OVHM". 

shows -e* -subcutaneous transplantation of ovarian cancer cells OVHM at a 

fateconceniration of lxlO 6 cells, followed by administer**** eivrmv; AdE3-lA1.3B infected 

carrier cells A549 to mice without tumor vaccination. "AdE3-lA1.3B-infected 

A549— >OVHM" shows *he-- r «sftk : s--ef - subcutaneous transplantation of ovarian cancer cells 
OVHM at a fa teconcentration of lxlO 6 cells, followed by administ* ofl-eft is AdE3-lA1.3B 
infected carrier cells A549 to mice, after the mice a re had subcutaneous) v vaccinatediea with 
Ixl Q 6 irradiated -l-x40 6 -A549 cells infected with AdE3-lA1.3B. 

> ^ 24 l-fr ' graph shows the fe*arit» of investigation whether— fee-death rate 
caused by side effects with w ill b e improv e d by -administ o v atelocollagen together 

with the caixier cell. .In the i >£U3 , "N" in ^--parentheses > rv - *• • ^ number of 

pig s 251 ¥he "g^afih-s- shows the fes^s--o^f"4Bv&sti-ga-ti8n---ei^antitumor effect in the 
presence of anti-adenovirus antibodies \*tt\> *"> 1 ^ -3 u-^-* administrations of adenovirus 
Ad-P-gal without UV inactivation treatment •. . o "Si;\h4 (a) shows the r4'^*-v^j--*VM4K--v4* 

tumor volume of each mouses and Ij^ijjv 4 ^ :4Mb) shows the % *i a snib * survival rate 

of each mouse group. A mixture of A549 cells and 293 cells was used as the carrier cells. ...The 

number (n) of each mouse group - five animals-i-s-s hown by n = 5 . 

44.- s 26 < j<.v..ga»}-4i{>-shows the x-v s i...^.^-.^.. v .i.^ i antitumor effect in the 

presence of anti-adenovirus antibodies yf- 1 3 es administrations of adenovirus 

Ad-P-gal without UV inactivation treatment,.-.- W., \ .> graph (a) shows the e!^"*v-4--v^-4- f' 

tumor volume of each mouset and Figure 26 -gpafth- ( b ) shows the e survival rate 

of each mouse group. .. A549 cells were used as the, carrier cells. ...The number (n) of each 
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mouse group ; a five animals is s hown by n *° 5 . 

27 s show ^ the i** ; tien ? /// vivo antitumor effect 

of administ' * v is the carrier cells (A549 cells) infected with >h-i- »Hv--adenovirus 

AdE3-lA1.3B : \±i +hu .+1 a GM-CSF expression vector, and administer 

atelocollagen together with the carrier cell Rg] [ \ (a) shows the e-s-i4;-v- 
tumor volume of each mouse; and i u (b) shows the ^ > survival 

rate of each mouse group. ...In the e, "xl", "x2" and "x3" in front of "Ad-P-gal" 

ff8ftF8S«Btehow lonee, 2twiee and 3&riee administrations of adenovirus Ad-P-gal, respectively. 

The number (n) of each mouse group • ■ -v: \; five animals-4 -I: -,-;' ; ; 

H s ■ 28 M>c itvi>vA-^ show the r e sult s of inv e stiga &»» »i in vivo antitumor effect 

of intraperitoneal administration of an iron preparation together with the carrier cell,. - Figure 
28gr-aph (a) shows the ob s& fv e d -fes ult s -ef-t umor volume of each mouse;- and Figure 28- geaph- (b) 
shows the ob s erved results of t he survival rate of each mouse group. In the x $ e, "xl", 
"x2" and "x3" in front of "Ad-P-gal"" s^h^^ks oow heme, 2bw*> and M\h k e administrations of 
adenovirus Ad-P-gal, respectively. ...The number (n) of each mouse group in&ktdin g was five 

$&* ; - 29 p he- p tph- shows the i^iik-s--of4Hve^tigati-o-n--ef"radiation dose in radiation 

exposure to the carrier cell A549 using a nude mouse. 

[-1 ia 30 i g * shows the resul ' ts - of - ittv es agation ' Of ' a ntitumor effect of carrier 

cells A549 irradiated with different doses, using (C57BL/6xC3/He) Fl t gg mouse with 
subcutaneous transplantation of OVHM. 

fFigrFigure 314 The graph shows the festttes of investigation of — -fee---infection 

m-x si ■ ■.'■•x-n (amount) of the oncolytic virus to the carrier cell A549. 

$4*1 hzm 32 j 14 o ^ shows the e^miaa -ti ?3n-"i :: &SBk-s-of-tumor vaccination effect 

with the ovarian cancer cells OVHM ^ % * (a) shows the ^ v ^v^--a^?4ts-^tumor 

volume of each mouse; and ^ (b) shows \& l-^t-v^ ^-survival rate of 

each mouse group. ...In the FigJ § e, "A549" shows mice^ with three «ff^ administrations 
of AdE3-lA1.3B infected carrier cell A549 without tumor vaccination us-i "OVHM-RT^A549" 
shows miceeuse with three tee^-administrations of AdE3-lA1.3B infected carrier cells A549 
after tumor vaccination with irradiated OVHM. __The number (n) of each mouse group 
">frK-M*4H*ii-\x -is five animals -s sH--> ^ v . 
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Best mode for carrying out the present ^ v 

w&2-4f--One embodiment ofte carrying out the present hw^k^Jssi ■> ■■ ^ - ^ 

[1] Carrier cells and others used for a cancer gene therapeutic drug of the present 
. 

At fir s t. T he c arrier cells used for a cancer gene therapeutic drug of the present 

. ,, , v , , v ^ . \v - !• x'xf : J. The carrier cells can be selected, for 

example, from ;he following cells--eW-M-4-K 

(1) A549 cells 

(2) 293 cells 

(3) SW626 cells 

(4) HT-3 cells (HT-IH cells). 

1 show s the results of screening ei- the carrier cells to find e«f effective 

carrier cells to use for the cancer gene therapeutic drug---, More specifically, the cancer gene 

therapeutic drug was prepared by infection of the oncolytic virus to candidate cell lines and the 

cancer cell proliferation it?¥4>H;->?y-e#eet«-are 
shown. ...Adenovirus AdE3-lA1.3B (IAI.3B) was used as the oncolytic virus. ...The adenovirus 
AdE3-lA1.3B has an E1A gene and an E3 gene, and an ovarian cancer specific 1A1.3B 
promoter (IAI.3B promoter) as a tumor specific promoter at the upper upstream of the El A 

gene-.--.. The adenovirus AdE3-lA1.3B was infected to various candidate cell lines at a 

' !*i\v\vi:;i .-.oil of 500 vp/cell for two days and then added to the ovarian cancer cells HEY on 
culture day two. and the o > a^eH-i-tAi-bkeyy-eM ^ -on the = : i- -u h" -iv 

cancer cells HEY was investigated on culture day five. 

|<«^M The vertical axis of • s o 1 shows me cell number capable of k> obtaining 

50Q -ohsh:?- •= s ci'i'.-..i il!V' proliferation ^te-^ K^n-n4€«^ -by thefe f various candidate 
cell lines. ...The lowers number of cells y ■ . :os , 4h^ , uh- higher inhibit"); osscd »r> 
proliferation--k>hMtef5- f --69e&t:. _As shown inby the Figure, the presently investigated cancer cell 
lines showed a high fHvk?Vrai^ inhibitory effect : ■ ;-v.. ; ..u. in the order of 293 cells, A549 
cells, SW626 cells and HT-3 cells (HT- III cells). ^The 293 cells, A549 cells and SW626 cells 
exhibited about a. 100-fold higher pre l tfer^ i on- inhibitory effect . in comparison to 
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&m~m PA-1 cells, which t «\\ ously have been used as carrier cells. _HT-3 cells also showed 
a. similar high f *4ifer a ti<» i ^i iihibitory effect , . . > ^-nh that of SW626 cells. 

}^0<H In addition, an oncolytic adenovirus was infected jnt-e- the above mentioned 293 
cells, A549 cells, SW626 cells and HT-3 cells to prepare the cancer gene therapeutic drugs, and 
hen :u\ - <. ■■■ : • ■ .■■ cancer cell proliferation it?h-HHk-?v-^!-!-eef-was investigated in the 
presence of a sufficient amount of anti-adenovirus neutralizing antibodies [Ab(+)]. ..As shown 
in s — i *\ 4, all cancer gene therapeutic drugs which used the above mentioned four cell lines 
as carrier cells showed a potent soh !• x cancer cell proliferation-; s : I * I >• * > >> v-uVjvi. ...The 

conventional cancer gene therapeutic drug with a virus was v ■, ^ a difficult to use- 

s m frequent administrations because of the production of antibodies. ^However, the use of 
the above mentioned four cell lines as carrier cells provided a potent in vitro proliferation 
inhibitory effect on proliferation , despite of the presence of antibodies. In addition, A549 cells 
used as the carrier cell showed the most potent ^ , ; ■ > inhibitory effect ---a |.i.--iiterati<.i> 
among the above mentioned four cell lines as shown in Rs, r.oive 4 _.That is, administiatioe 
ofe.iri.ng the adenovirus infected A549 cells in the presence of a sufficient amount of the 
anti-adenovirus neutralizing antibodies almost completely inhibited the proliferation of ihejarget 
cancer cells, even v lUj**^- the presence of ike- antibodies. 

[00271 Ain-addition aily , in vivo experiments using a massive subcutaneous tumor (10 - 

5 mn i let nude mouse model 8f---10--4-5---mm--4i-ameter---showed potent antitumor effect 
when the above mentioned A549 cells, 293 cells and SW626 cells were used as the carrier cell 
(see I e 5 and * 6). ..The details of these experiments will be explained in the 

examples described later. 



oncolytic virus to the carrier cell is capable ofte exhibit^;;;; >» a high antitumor effect by the use 
of any one of c - A ^49 cells. 293 cells. SW626 cells and HT-3 cells-^v-HH^-^H-^r 



M: . • •. hove mentioned four cell lines are explained; A549 cells are derived 

from a non-small-cell lung cancer cell line, and their details are described, for example, in the 
article of Giard, D.J., Aaronson, S.A., Todaro, G.J., Amstein, P., Kersey, J.H., Dosik, H., and 
Parks, W.P, In vitro cultivation of human tumors: establishment of cell lines derived from a 
series of solid tumors.,, J. Natl. Cancer Inst., 51: 1417-^.1423, 1923,-,...... The 293 cells are derived 




■As shown above, the cancer gene therapeutic drug obtained by infection of the 
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from human embryonic kidney cells and have been used in many experiments and studies as 

adenovirus producing cells- -, The 293 cells are explained, for example, in the article of Xie QW, 

et ah, Complementation analysis of mutants of nitric oxide synthase reveals that the active site 

requires two hemes,T Proc. Natl. Acad. Sci., USA, 93: 489 1 ......4896. 1996. , The SW626 cells 

are ^.metastatic strain of colon cancer in the ovary and their details are described, for example, in 
the article of Fogh J., et ah, Absence of HeLa cell contamination in 169 cell lines derived from 

human tumors,-.- J. Natl. Cancer Inst., 58: 209-^214, 1977-,--; The HT-3 cells are uterine cervix 

squamous ep. cancer cells and their details are described, for example, in the article of Fogh J., et 
al, Absence of HeLa cell contamination in 169 cell lines derived from human tumors,-- J. Natl. 

Cancer Inst., 58: 209-...-.. 2 14, 1977-.--. These four cell lines are available from cell preserving 

organizations s«4* +- s s ATCC (American Type Culture Collection) and other 
commercially available cells- depositories m ay-b e- m se d . 

| fh)3u- i A 549 cells have many advantages when used as the carrier cell ^ oil »> 
(1) production of a, high titer of. oncolytic adenovirus and so tough that they can be easily 
handled, (2) most potent inhibition of proliferation of cancer cells in the presence of 
anti-adenovirus antibodies, (3) release of secretory granules due to infection of virus, s u ch as ,, 
• • adenovirus, because A549 cells are derived from alveolar epithelial cell type II, and the 
property is favorable in the cancer gene therapy, and (4) resistance to cell elimination effect by 

CTL even after infection with adenovirus: -, Therefore, adoption of A549 cells is particularly 

preferable among the above mentioned four cell lines. 

{-0934-] -Multiple kinds of cells may be used as the earner cells---, A combination of A549 

cells and 293 cells in the example described later revealed a. .potent cancer therapeutic effect—.. 
Concurrent use of a:u!nf §<• H+h--i4 -kinds of cells may utilize their respective characteristic 

features and advantages, and is preferable-.---. For example, SW626 cells require a 

comparatively long period for adhesion and widely disperse in..- ? > surrounding area wuh b% 
intraperitoneal administration, without restriction in the administered site, and are considered 

preferable for-Ae intraperitoneal therapy «k fe », si eh ;v ovarian cancer-, SW626 cells show 

the characteristic features of ajate peak in their virus productivity than those of A549 cells and 
293 cells, resulting in ^.comparatively longer period of function. 

v Ol As described above, adoption of iheabove mentioned four cell lines (that is, A549 

cells, 293 cells, SW626 cells and HT-3 cells) as the carrier cell is preferable---, However, cells 
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n - o = >iotH^ - t^- as the carrier cell are not limited to the above mentioned four lines and other 
cells as -uch -s PA-1 cells (e.g. particularly herpes virus used as an oncolytic virus), 
fibroblasts, and other human derived cancer cells, normal cells and patient derived cancer cells 
may be used as the carrier cell. 

In the cancer gene therapeutic drug of the present «wem-KM*djsU02M, a 
conventional virus vector used for gene introduction may be used as an oncolytic virus to infect 

the carrier cell-, Adenovirus, adeno-accompanying virus, herpes simplex virus type 1 (HSV-1), 

herpes simplex virus type 2 (HSV-2), Lentivirus s, , - s such s HIV virus (AIDS virus), 
retroviruses ^ vob is, mouse leukemia virus, reovirus and vesicular stomatitis virus 

(VSV) can be exemplified and furthermore other oncolytic viruses may be used--. The 

oncolytic virus is a proliferative virus vector and any virus that modify ? rht v viral gene so as to 
specifically proliferate in the target tumor cells or tumor tissues, and fuse or kill target cells with 

cell lysis (cytolysis) action may be used.-. For example, an . adenovirus having an E1A or E1B 

domain necessary for proliferation may be used. 



applied to_almost all malignant tumors and may include, for example, ovarian cancer, squamous 
epithelium cancers (e.g. uterine cervix carcinoma, cutaneous carcinoma, head and neck cancer, 
esophageal cancer and lung cancer), digestive tract cancers (e.g. colome cancer, pancreatic 
cancer, hepatic cancer and gastric cancer), neuroblastoma, cerebral tumor, mammary cancer, 

testicular cancer and prostatic cancer- In addition, adoption of adenoviruses types 34 and 35 , 

v>Vnch =u«: capable of infection to blood eeM-s( ells gives the cancer gene therapeutic drug of the 
present i-m ^u^v,s, v. applicable to blood malignant tumors. 

■ [ ■ 0Q3§ - }"T ypes of the tumor specific promoter to be introduced into the oncolytic virus 

may be selected according to the kind of target cancer---. For example, 1A1.3B promoter for 

ovarian cancer, midkine promoter for s* . ,s cerebral tumor and malignant glioma, 

P-HCG promoter for testicular cancer, SCCA1 promoter and SCCA2 promoter for squamous 
epithelium cancers, CEA promoter for colonic cancer, PSA promoter for prostatic cancer and 

AFP promoter for hepatic cancer may be used,--, Naturally, other known tumor specific 

promoters -v« oh .:• tlx-, cox-2 promoter. c ha^ '<? a wide action spectrum and 

exhibitsmg promoter activity to various malignant tumors ; . and other cancer specific promoters 



such as, osteocarcine promoter may be used. j V bove mentioned midkine 




-The cancer gene therapeutic drug of the present i nv e nnon d isclos-ure can be 
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promoter may be used onto various malignant tumors in addition to cerebral tumor and 
malignant glioma and has a wide action spectrum, as well as,. the...-cox-2 promoter. 

< ' "'M No specific limit is given for the length of each promoter sequence as far as it 
exhibits the tumor specific promoter activity. The \above mentioned 1A1.3B promoter can 
be designed and prepared according to the disclosures in the pamphlet of International 
Publication No. 03/025190 and the literature, Cancer Research 63, 2506-.-.2512, 2003 and can 
be inserted in a virus genome : he A above mentioned midlkine midkine promoter, P-HCG 
promoter and SCCA1 promoter can be designed and prepared according to the disclosures in the 
| pamphlets of International Publication Nos. 02/10368, 01/90344 and 00/60068, respectively. 
| li\o Uv^s a above mentioned SCCA1 promoter is explained in detail in the article by 
| Ka[:suvi \ > ^ -h ; <U;-.ana,.i 
! K> >ji Hashimoto, Susumu Hirose, Satoru Kyo : = .= Iu>. M- -Uvular 

| :; -quamous cell c arcinoma antigen 1 gene and d v • ; ttun: [••••nc-t t 
Biochimica et Biophysica Acta, 91522 (2001) l-_i.8-,-Melee«lai ! -elefi«if f-bafsa^ * •> • . — ; j 

: ;:f- For example, preparation of an oncolytic adenovirus can be accomplished by 

insertion of a tumor specific promoter at the upper upstream of a primary gene El A or E1B 
essential for the proliferation of adenovirus, or replacement with a primary gene E1A or E1B 

promoter-.---, Similar insertion of the tumor specific promoter at the upper upstream of a gene 

essential for the proliferation of virus is performed when viruses other than adenovirus 

such as. HSV-1, HSV-2, retrovirus, reovirus and vesicular stomatitis vims (VSV) are used for the 

construction. 

f-(-)9-3-9-]-However, it is not necessary for the oncolytic virus to have the tumor specific 
promoter as far as it has specific proliferative property in the target tumor cells or tumor tissues;- . 
For example, oncolytic adenoviruses s«ek m 3 such ; s, an E1B gene deficient type oncolytic 
adenovirus of ONYX Pharmaceuticals Inc. or an E1A gene partially deficient type Ad5-A24 

adenovirus of University of Alabama at Birmingham (UAB) may be used— Thus, an oncolytic 

viruses deficient of a tumor specific promoter a ! ^>- may be aise-usedv-, Further, a wild type 

adenovirus or a partially gene deficient type thereof may be used as the oncolytic virus. 
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[0040] Infection of the oncolytic virus to the carrier cell can be performed by 
conventional methods without restriction, for example, seeding of carrier cells on a plate, 
addition of the oncolytic virus at an amount sufficient to infect all cells, cultivation in RPMI 
medium and fetal calf serum (FCS) (-), under 95% O2 and 5% CO2 atmosphere at 37°C for about 

6--...V..36 hours, which is simple and eas>i> v.operaiyKk*----. In the examples shown later, A549 

cells, SW626 cells and HT-3 cells were cultured by this method and infected with the oncolytic 
virus, whereas 293 cells were cultured in DMEM medium and 10% FCS(+) and infected with the 

oncolytic virus- -. Fetal calf serum (FCS) is preferably kept under FCS(-) for 3-.-.. 6 hours 

infection-;--, Infection for a: addu!>m 1 \ period is preferably carried out under FCS(-) for 

3~-„:„.6 hours and then FCS is added at a concentration of 10%. 

£004 The amount and period of oncolytic virus infection to the carrier cell may be 
suitably selected according to factois - » - > ^ the volume and i>peu<ki of tumor to be 
treated, > \ ind -v of the carrier cell, type kiml of «sed~oncolytic virus and 

administration method of the cancer gene therapeutic drug of the present im^efrtiea disclosure 
Examples are, without particular restriction, 

for about 6_-_24 hours at about 5_-_250 vp/cell by intraperitoneal administration and for 

about 12- - 24 hours at about 5- - 500 vp/cell by intratumoral administration with t ic m use of 
A549 cells- 

for about 6~.....24 hours at about 250--..-...2,000 vp/cell by intraperitoneal administration and 

for about 12---.24 hours at about 100-..;-„500 vp/cell by intratumoral administration v. tUt Ovw use 
of SW626 cells:- and 

for about 12-.. -.24 hours at about 5-.......50 vp/cell by intratumoral administration and for 

about 6--.. : -.24 hours at about 0.1- _ : -..10 vp/cell by intraperitoneal administration wh *1u u> use of 
293 cells, - 

As shown above, the amount and period of infection vary according to the fygdwwls and 

administration methods of the carrier cells- The above examples set them within about 6- .-..24 
hours at about 0.1-^2,000 vp/cell by intraperitoneal administration-- and about 12-_ 1 24 hours at 
about 5 -.. ..500 vp/cell by intratumoral administration. 

JQQ 4 2 j "T he carrier cell may be stored I spt without infection of the oncolytic virus, so 

they : L for the preparation asef virus infected carrier cells oit« 
tinfection of the oncolytic virus to the carrier cells. Storage of virus infected carrier cells is 
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also n ,v by freezing the irradiated carrier cells infected with an 

oncolytic virus, and thawing them at the place of medical treatment- -, The storage of the carrier 

cells may be, for example. iH^k-R-^e-d-in a -liquid nitrogen or at about -150°C-.~, On the other 

hand, the oncolytic virus may be kept, for example, at about -80°C. 

«+ ; Before use. the oncolytic virus is infected to the carrier cell by the aforementioned 
method and the resultant virus infected carrier cells can be administered "as it-is" or together 
with a conventional pharmaceutical carrier to a human body (or experimental animals -ssefe-as. 

j ; is., mouse and rat)---, As shown later, simultaneous administ g one or more 

combinations of atelocollagaen, an iron preparation and a porphyrin compound together with the 

carrier cell is preferable Administ 1 carrier cells infected with >u>hH oniv 

oncolytic virus o - " GM-CSF expression vector (virus vector double infected carrier 
cells) is also preferable. 

f&044-}---The carrier cell is administered at a predetermined period after administratis** 

efering a virus for immunological treatment-.-., When cancer cells are used as the carrier cell, 

radiation exposure before or after virus infection is preferable- -,, Radiation exposure at a dose of 

12O-__~„400 Gy, 20~.~„40 Gy or 20-..-..40 Gy was performed before the administrati^H-e fering A459 
cells, SW626 cells or HT-3 cells, respectively, as the carrier cell in the examples shown later-.-., 
The dose of radiation exposure to A549 cells was investigated and no cell proliferation was 
observed at a dose of 120 Gy or over (figrFigure 29) and radiation exposure dose is preferably 
set between 120 Gy and 600 Gy (more preferably, between 150 Gy and 400 Gy). 

,[0045] The carrier cell may be preferably administered as a parenteral preparation;? 

however, administration as an oral preparation may be also applicable-.-, Administration as a 

parenteral preparation may be performed by an in vivo or ex vivo method--, The dosage of in 

vivo administration (in other words, the dosage of virus infected carrier cells) may be adjusted 
according to the volume and typefe md of tumor, severity of disease, and patient's age and body 

weight etc-.-. For example, administration may be performed by intracavitary mjections-saek-a*, 

uch as, intravenous injection, intravenous drip infusion, intratumoral injection and 

intraperitoneal injection- -, Among them, the carrier cell is preferably administered by 

intratumoral injection-.-- These injection preparations may be prepared by conventional 

procedures and general diluents s+* if as. v o ^ . a saline solution and a cell culture solution may 
be used----, Furthermore, a bactericide, an antiseptic, a stabilizer, a tonicity agent and an 
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analgesic may be added if necessary- No particular limit is given for the blending quantity of 

the virus infected carrier cells in these preparations and can be set , suitabl \>-Kv. 

The U ^-.-;-4--y :bove mentioned virus infected carrier cells, of course, may be administered 

in several divided doses to patients or in several divided courses with optional sets of 
administration times and intervals. 

,[0047] A s shown above, the dosage of virus infected carrier cells can be determined 

according to the volume and *\: >-.<hJ of tumor, severity of disease, and patient's age and body 

weight, etc-. Generally, the dosage of carrier cells can be set between about 10 7 cells and 10 10 

cells for one administration, whereas the dosage of oncolytic viruses through the carrier cell can 
be set between about 10 9 viral particles and 10 14 viral particles for one administration. 

-~^\ The ' , of *W carrier cell may be suitably selected according to the 
j.vp- >-H*t4 of cancer to be treated: - , The carrier cell may be modified by a gene recombinant 
technology, for example, an artificial expression of a specific protein on the surface of the carrier 
cell to • . v the binding with the target tumor cells, or treatment hk ^ - is, 

infection of Sendai virus to the carrier cell. 

f(-)049f-The oncolytic virus can infect from the carrier cells to the target cells by cell to 
cell interaction, specifically proliferates in the tumor cells and exerts cell lysis (cytolysis) action 

of fusion or killing of the tumor cells-. The cancer gene therapy with a virus was ^vH-A-^f-M 

bave>-a-difficult y to use with - m frequent administrations because of the p roduction of ks 
antibodies, however, the carrier cells directly • ss-S infects +. . the target tumor cells by cell 
to cell interaction, and te-make frequent administrations possible and a potent antitumor effect 
can be expected. 

■ [ • Q0§0] --[2] The cancer gene therapeutic drug of the present k»v » »tiofl di<;closure and its preferred 
application example 

The cancer gene therapeutic drug of the present invention disclosure is a combination of: 

a virus for immunological treatment to be administered for inducing a CTL reaction within a 
living body to the administration of the a carrier cell; and a carrier cell having been infected with 
an oncolytic virus before the administration so as to make the oncolytic virus act on a tumor cell 

within the living body,-;. In other words, it is a combination of two drugs: -ef a virus for 

immunological treatment administered in advance and then a carrier cell hihm administered-.. 



TSU-006 



MARKED-UP VERSION 



PATENT 



AdministoiK^ 4;.^ the virus for immunological treatment • ;v ; su.h adenoviras 

(immunization in advance) followed by administ ration ef gring the carrier cell infected with the 
oncolytic virus induces and raises the CTL reaction within the living body and can obtain a very 
potent in vivo antitumor effect. 

I Ik- cancer gene therapeutic drug of the present - ,• showed a 

dramatic antitumor effect in a practical experiment using a syngenic model mouse with a normal 

immune system-- . Although the details will be described later, the ovarian cancer cells OVHM 

were subcutaneously transplanted to (C57BL/6xC3/He) Fl mw-H-v v> i'.o a*-^ were locally 
injected with carrier cells (A549 cells) infected with an oncolytic adenovirus having an ovarian 

cancer specific promoter---,, Mice immunized in advance w ith adenovirus (Ad-P-gal) three 

months before the injection showed a marked antitumor effect 3~..~...4 days after the start of 
administration., and the tumor hadwas completely disappeared after nine days and lymph node 
metastasis hadwas also diminished (see \ \ 7 and f^grRgure 18 and thereafter). 

f #65.2-)--As mentioned above, more potent and dramatic antitumor effect was obtained in 

the experiment using the mice with normal immune system, producing antibodies™. This result 

shows that the CTL reaction (eyt^&x^-aeti-y-^ induced 
and raised within the living body, by prior administfa#en -efe ng the virus for immunological 

treatment-.-., The conventional cancer gene therapeutic drug with a virus was considered te-have 

a difficult . - so o - : > frequent administrations because of the production of k-s -antibodies, 
however, the cancer gene therapeutic drug of the present i % >. \ 

makes-uses ef -the immune system within the living body ;5\'. <:ves n to attack the virus infected 
target tumor cells. 

The virus for immunological treatment is preferably the same iX!K^ H ^ as the 

oncolytic virus--.. Non-proliferative type and/or inactivated vims may be preferably used as the 

virus for immunological treatment--., A Nnon-proliferative type virus inactivated by treatment 

M t eh-* * , such as UV irradiation to disrupt the DNA, may be more preferably used-r-. For 
example, t itfe adenovirus with an E l domain deletion and/or inactivated by UV irradiation to 
disrupt DNA is favorably used as the virus for immunological treatment \ i ; iol iterative 
virus inactivated by UV irradiation, etc.., may be used as the virus for immunological treatment. 

{-{-}©-S4] In the examples described later, as adenovirus (Ad-P-gal) deficient of El domain, 
having LacZ gene encoding P-galactosidase (P-gal) under the control of cytomegalovirus (CMV) 
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promoter, was used for the virus offef immunological treatment-, Of course, other viruses can 

be used ^kv the virus for immunological treatment—. For example, a proliferative adenovirus 

inactivated by UV irradiation may be used: , A N-non-proliferative adenovirus having polyA 

sequence without integration of any gene (Ad-polyA), inactivated by UV irradiation, may be 
preferably used. 

H< >>1 Dosages of the virus for immunological treatment in the cancer gene therapeutic 
drug of the present huc^* ' 1 v v v are suitably selected according to patient's antibody 
titer to isvhs virus, volume and Ij&eH-nd of tumor, severity of symptoms, and age and body 

weight of patient-.--. Alteration of the . dosage in accordance to whotkr *k- fluent is fe<? 

v N positive or negative to v 11 lis is — For 

example, if adenovirus type 5 is used asfe the virus for immunological treatment and the 
oncolytic virus, the concentrationr -ate of the virus for immunological treatment may be set 
between about 10 5 viral particles and 10 11 viral particles for patients v i^ssm antibody 
negative (-), and may be set between about 10 2 viral particles and 10 7 viral particles for patients 
who are w ife-antibody positive (+). The A^kaiBisteatiea -method of ;\ the virus for 

immunological treatment is not restricted, although intracutaneous or subcutaneous injection is 
pf-efepjj n;; ; a) te. 

: [00§6]-In addition, the dose of each drug forte animals-«*eh--;$-v ic is rniceeaae and 

rats may be set at about 1/1,000 to that for a human body in consideration of the differences in 
body weight, for experimental admin istt.H-*** i'sv the cancer gene therapeutic drug of the 
present ^ e ^ 

[0057] The interval s-^wo administ x x . the vims for immunological 
treatment and .sdbsiin^os *has x-f-the carrier cell may be set between about two weeks and 

three months—,. The shorter period is more preferable— ........In the examples described later, 

inactivation of the virus for immunological treatment (adenovirus) by UV irradiation shortened 
the above mentioned interval to about three weeks or four weeks. 

^■*+ \ + Dosages of virus infected carrier cells are as mentioned before and one dose of the 
oncolytic virus through the carrier cell may be set between about 10 9 viral particles and 10 14 viral 
particles, and the infection + -w^ie* :in.n»^>i of the oncolytic virus to the carrier cell may be set 
between about 0.1 vp/cell and 2,000 vp/celL---(-..Ppreferably between 5 vp/cell and 500 vp/cell... v 
Mmore preferably between 150 vp/cell and 400 vp/celli. 
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[w5 a } For tumor vaccination, administmfaefHefer i n g tumor cells (cancer cells) together 
with, before or after, #^---administ-a- < ^ the vims for immunological treatment is 

preferable: -. That is, vaccination with the tumor cells (to enhance the immunological response 
s; .-os living body to the target tumor cells by 4seadminisU uion ofe i s the tumor cells treated in 
advance with radiation exposure, ethanol or formaldehyde) is preferable together with, before or 
after immunization by the virus for immunological treatment. 

\ Kve- ! I tumor cell derived from a patient is • o for the tumor cells 
used for the above tumor vaccination (tumor immunization), and commonly available tumor 

cells with similar antigen may be used; -, The examples described later investigating the 

therapeutic effect to ovarian cancer (by OVHM) showed a favorable therapeutic effect by using© 
aef- cancer cells- (squamous epithelial cancer cells SCC7 and lung cancer cells A549), for tumor 
vaccination ih: if different from the target cancer cell to be treated. 

.[0061] In the above tumor vaccination (tumor immunization), no particular limited 

conc- ViiKiUOi^ a;-- of tumor cell is given-; -. For example, it may be set between about 10 5 cells 

and 10 10 cells--. The radiation exposure dose to the tumor cells is preferably set between 120 

Gy and 600 Gy__ (mMore preferably between 200 Gy and 500 Gy*--. The Preferabe 

•1= : ! - ■ administration method is intracutaneous injection or subcutaneous injection. 

;[QQ 6 2"} -Furthermore, administ ration of ering an iron preparation and/or a porphyrin 

compound may be used to enhance the viral productivity in the cancer to be treated:-™.. 
Porphyrin compounds such as „juch. as a 5 -aminolevulinic acid (ALA), hematoporphyrin and 

photofirin are exemplified. -. As iron preparations, ferrous sulfate (FeS04) and ferrous citrate 

for oral administration, and chondroitin sulfate iron and sugar containing iron oxides for 
intravenous administration may be exemplified—. The Aadministration method is not limited, 
although an injection preparation or oral preparation is preferable, together with the cancer gene 
therapeutic drug of the present > a\ ,w v«o,v ^ 

fi^H Practically, administK^M *Me an iron (Fe) preparation and/or 
5-aminolevulinic acid (ALA) could markedly enhance the inhibitory effect of the oncolytic 
adenovirus AdE3-lA1.3B on cancer cell proliferation (sec Fig-Fig es L5-_ = _17 and I- a, * t£o o 
28). 

f(-)064] \dministf-atien efe-ring atelocollagen (product prepared by cleavage of only 
telopeptide bond of collagen by pepsin treatment etc., making the molecular weight small and 
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water soluble) together with the carrier cell is also |»pefef prei erredd?^-- . As shown in examples 

described later. smHti-(ftv>e-dH admin 1 s t*. , * ' atelocollagen and the carrier cell 

m^;::'!::;:.-:: i\ . dramatically reduced the death rate caused by side effects (f fy pjgui 24)-.-.. 
This might be caused by inhibition of dispersion of the oncolytic adenovirus and a block against 
anti-adenovirus antibodies ^> ^ * as produced by the atelocollagen. 

: I herefoie - administ ^ x v atelocollagen and the carrier cell 

can suppress side effects and realize ajiigh dose administration of the oncolytic 

virus- % Commercially available atelocollagen (e.g. a product of Koken Co., Ltd.) or a product 

prepared by treatment of collagen with pepsin may be used-. -. Atelocollagen is preferably 

administered by mixing it with thea» injection solution together with the carrier cells™. A 

("concentration ofat 0.01 - - 3.0% (w/v) in the solution is considered to exhibit a. sufficient effect-. 
(Examples described later showed a sufficient effect at a low concentration of 0.1 -_0.2% (w/v) 
in the solution). 

£8866f- Furthermore, as described earlier, administratis ei e [ ig the carrier cells doubly 
infected with an Bet-eaty- oncolytic virus vector and a but al s o -GM-CSF expression virus vector 

- , to enhance the immune response kW-^'-hvK (Or, n s s ^- 

simultaneously administF^ti-eB -efer two kinds of carrier cells each infected with one of the above 
virus vectors -f^a^e-atiepted.) 

!- v he GM-CSF expression vector is pisfemfeie-the same kind of 

virus vector as the oncolytic virus--., For example, when adenovirus is used as the oncolytic 

virus, one may use, for the GM-CSF expression vector, an adenovirus deficient of El domain 
and with—a GM-CSF gene encoding granulocyte-macrophage colony stimulating factor 
(GM-CSF). 

x <■ s the GM-CSF expression vector, as well as., the oncolytic virus, a 

total i.v>ji$.onii-. t iu^iH^ j-' t , : - : .t;...-:. : ,-H; of both virus vectors to the carrier cell may be set between 5 

J'>\~ vi>.ii /cell and 2,000 v-W-a-l ps-» . - /cell. 

t-^V 4- Application of the GM-CSF expression vector showed . , v -,\< ■ >\ h excellent 
cancer therapeutic effect (Mg rFigure 27). 

.[0070] I nstead of the GM-CSF expression vector, GM-CSF protein may be mixed in an 

injection solution together with the carrier cells, or the protein's administration by intravenous 
administration may be taken in consideration. 
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£90~4f-~Methods for use of the cancer gene therapeutic drug of the present 

^mn-Hi-H^di^-li^nif are, of course, not restricted to the methods described above and various 

methods for use are available:-- , For example, the cancer gene therapeutic drug of the present 

( +H--t ! +H+i~i- > d! ^ ma Y be concurrently used with other anticancer agents or a radiation therapy 
to enhance the infectivity of the oncolytic virus. 

preferred v t>; use of the cancer gene therapeutic drug 

of the present will be eiv^HaHi' J by dividing Ihem into (1) patients i ij 

^ v * antibod ^ \ >o N and (2) 

patients kg ,= =v ; .-Alti\e for the w»&~antibodiesy pe-s-i#ve---to the virus for immunological 
treatment. 

|!Mf"^ In the above case (1). non-proliferative adenovirus inactivated by UV irradiation, 

as described earlier, may be used for the virus for immunological treatment;-. The amount is 

about 10 5 vp to 10 11 vp™. Patient's derived tumor cells (cancer cells) irradiated at about 200 Gy 

for tumor vaccination may be administered at 10 5 cells to 10 10 cells together with the virus for 

immunological treatment---. The virus for immunological treatment and the tumor cell may be 

administered by intracutaneous or subcutaneous injection. 

{W£4}--About 3-- - 4 weeks after adminis tering f a&efts~e£--the virus for immunological 

treatment and the tumor cell, the carrier cell may be administered by intratumoral 

administration-.-, The dose of the carrier cells may be set about lxlO 7 to lxlO 10 cells for one 

administration-, A549 cells, irradiated at about 150 Gy to 400 Gy and then administered, may 

be used as the carrier cell-. -, The adenovirus may be used for the oncolytic virus and the 

GM-CSF expression vector, and may be infected to the carrier cell at about 250 vp/cell and 5-_-. 

20 vp/cell, respectively-.--- Atelocollagen may be mixed with an injection solution at a 

concentration of about 0.1~...~.J).2% and then administered-.--. Simultaneously, an iron (Fe) 

preparation may be intravenously administered at a dose about 40-.. .-..100 mgr ., ALA may be 

simultaneously administered into the tumor at a dose of 2-_-_2,000 mg. 

As mentioned above, the carrier cells,, etc., may be administered oi\\^ ^ ^-h 1 
i WsOvO. 1 -he carrier cells, etc... may be , - 16 times ->:!< = ><• =• wd. ...Administo >>: 

^iv.jhij o times may be carried out in consecutive days or at intervals of 2 -..-..3 

days. 

[0075] In the above case (2), patients with positive antibodies, the cancer gene 
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therapeutic drug of the present nw-a^-k ^ ivdovurc may be administered in a similar manner with 
that of the above-. . case (1), except for setting the amont amount of the virus for immunological 
treatment at about 10 vp or less. 

Practical examples of the cancer gene therapeutic drug of the present 
ishetn^n-! v aie ^\ - ^ivh as, 

(1) a combination of the virus for immunological treatment and the carrier cell, 

(2) a combination of the vims for immunological treatment, the carrier cell and the 
oncolytic virus for the infection to the carrier cell, 

(3) a combination with atelocollagen added to the above combinations (1) or (2), 

(4) a combination with GM-CSF expression vector added to the above combinations (1>- 
-.(3), 

(5) a combination with an iron preparation and/or a porphyrin compound added to the 
above combinations ( l)-..-...(4) to enhance the viral productivity, 

(6) a combination with the tumor cell for tumor vaccination added to the above 
combinations (l)~-„(5), and 

(7) a combination with the, necessary compounds for storage, infection and culture, and 
preparation of medical preparations (e.g. a reagent, a buffer and an enzyme), or vessels 
(e.g. for reaction, infection and culture, and storage) added to the above combinations 

(1)^(6). 

Examples 

.{W-7- : ff Examples of the present ^s\*'*s*h i are explained referring the drawings, 

however, the scope of the present +'^+'*+ x v :v is not restricted by these examples. 

[Example 1: Screening of the carrier cell and antitumor effect in the presence of 
antibodies] 

The following experiments were carried out to screen cancer cell lines which exhibit a 

potent inhibit ; • cancer cell proliferation iLil:vlLiii: : :i„iU: >>■■■■■■■ d-le^ as the 

carrier cell. 

{-00-7-9}--- Adenovirus AdE3-lA1.3B (IAI.3B) was used as the oncolytic virus for the 

infection to the carrier celL-% The adenovirus AdE3-lA1.3B has an E1A gene and an E3 gene, 
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and an ovarian cancer specific 1A1.3B promoter (IAI.3B promoter) as a tumor specific promoter 

at the upper up stream of the El A gene--., The adenovirus AdE3-lA1.3B was infected to various 

carrier cells at a mi-k.v.u:.c-.:U mon of 500 vp/cell for two days, and then the carrier cells were 
added to an ovarian cancer cell line HEY on culture day two and their in vitro hihihuv} o;:o-.< 
.^..proliferation - - were investigated on culture day five. 

[0080] The results of the above experiment are shown in I ;\ o 1 The vertical 

axis of the graph shows cell numbers capable to obtain t 507c mbibu.\* ciu\* ^ ^ 
proliferation„-4i^fetety-^fegt--^ge)-for each cell line, and - 1 o o\ cell number shows a 

lughei ^ -. :h - , , As shown in the 

Figure, the cancer cell lines investigated in the present experiment showed high antitumor effects, 

in thorn order of 293 cells, A549 cells, SW626 cells and HT-3 (HT-DT) cells- The 293 cells, 

A549 cells and SW626 cells exhibited about a_100-fold higher p^-okhh-u inhibitory effects on 
f ;ol;^ kU>on in comparison to PA-1 cells which previously have been used as the carrier cells-, 
HT-3 cells also exhibited a_similar high pfeH&ra&i-m ----Hthib*fr*'> 
- that of SW626 cells. 
fQQ&U-Then, the difference in the inhibitory effect on prolile ras > m n». p<ov<vo ol 
^ - v s i 1 v ^ examined feew-was--^ ■ = ■ >k — \ 

eSeet-between ;usjrig.pnly the oncolytic virus, and a combination of the oncolytic virus and the 

carrier cell i <t ih< c sense of-aHti-v-k-al--a^tifeediss-,--- :; As the carrier cell, a 293 cell was used and 

the above mentioned adenovirus AdE3-lA1.3B was infected for two days---, The resultant 

adenovirus AdE3-lA1.3B infected 293 cells and $heh supernatant (AdE3-lA1.3B 293 
cell+SUPT) were placed in a 12- well plate in the presence of the anti-adenovirus antibodies--.. 
In each well, about 50,000 cells of the ovarian cancer cell line HEY had been cultured from the 

preceding day--. The anti-adenovirus antibodies were prepared by dilution of the antibodies 

with 600-fold antibody titer to various antibody titers-, In the case of only the oncolytic virus, 

the adenovirus AdE3-lA1.3B was administered in the 12- well plate at a » of 

1,000 vp/cell, in the presence of the anti-adenovirus antibodies;--. At culture day five, the 

respective M \ • c ■■■■ . : k proliferation • ' k .. ^ cancer cells (HEY cells) 

were investigated. 

: ; 4^S-.-Vf-The results of the above experiment are shown in i i v :.\ 2 The vertical 

axis of the graph shows the dilution rate of the anti-adenovirus antibodies at 50% -pre>&fef3 t k>r 3 
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inhibitory effect (IC50) Qj :>: iteration. _In other words, a_50% ?fr4H«f^--i ^ •■ > <>i ?• •= : 
> - was obtained wichfef 293 cells even at about 5-fold 

dilution rate (120-fold antibody titer), whereas a_50% ^.44t---r-a-H---i-:-- -H+i-H-bHv'-^- M-V-c^hiiliiLLl^Q: 

was obtained only the adenovirus at about 600-fold dilution rate 

(1-fold antibody titer);--. As shown above, the carrier cell exhibited sM-he pmIifer-a-He« 

, ^,\^„v x .. even under the condition of a. high antibody 

titer. 

- > :n Similarly, the p*>>h*ej mVuhu^^ -os ^ , 0 

HEY cells was investigated in the presence of anti-adenovirus antibodies in the following 
conditions, 

(1) adenovirus infected 293 cell and its supernatant (AdE3-lA13B 293 cell+SUPT), 

(2) a cell supernatant containing adenovirus (AdE3-lA13B, SUPT), 

(3) a filtered tnv % ^ :■ ■ ^ 0.2..um - * m< cell supernatant containing adenovirus 
(AdE3-lA13B, SUPT, filter), and 

(4) omly only the adenovirus (AdE3-lA13B). 

The results are shown in ^-.-Figure 3—. The vertical axis of the graph shows a dilution 

rate of the anti-adenovirus antibodies at a. 50% proliferation inhibitory rate (ICso)™ As shown 

in the i^Rgure, a.more potent antitumor effect was obtained in comparison to the other 
conditions when the carrier cell (293 cell) was used. 

fi v i ■ « --If-About c a rri e r ce lls of 293 cells, A549 cells, SW626 cells a R44H^eefereaeh- 

o the cancer cells HEY was 

investigated in \ s X H9 cells, SW626 cells and HT-3 ■ /.'v i; • u'v the 

presence [Ab(+)] or absence [Ab(-)] of the anti-adenovirus antibodies having a,600-fold antibody 

titer--. The results are shown in Fife-Figure 4- The vertical axis of the graph shows the 

number of fee-cancer cells on culture day five--. As shown in the Figure, the most potent 

o v 0 ^ ^ - v was obtained when A549 cells 

were used as the carrier cells in four tysKi^s of cells— . That is. administ 5 - 

adenovirus infected A549 cells in the presence of a sufficient amount of anti-adenovirus 
neutralizing antibodies almost completely inhibited the proliferation of the target cancer cells 
despite of the presence of the antibodies " 5 ther three ^.yj-^as of cells also showed 
sufficient in the presence of the 
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antibodies. 

{-wv)^v3-}-The cancer gene therapy with a. virus was considered to be ba v^- a- difficult w nh 
mu i nple v--H-4W--KKM-H--admirristrations because of the production of neutralizing antibodies to the 
virus—, However, application of the carrier cell established direct infection to the target cancer 
cells by cell to cell interaction and administrations became |\' - -i , >a Ui-ie 

Furthermore, application of the above mentioned four \ N « 4- s of cells as the carrier cell 
provided potent antitumor effect. 

i(;Qg^t [Example 2: In vivo antitumor effect in a nude mouse subcutaneous tumor model] 

Them in vivo antitumor effect of each carrier cell infected with the above mentioned 

adenovirus AdE3-lA1.3B was investigated using a nude mouse subcutaneous tumor model--. 
In the experiment, human ovarian cancer cells RMG-1 were subcutaneously transplanted into 

5-week-old nude mouse— ^ After four weeks, each carrier cell was injected six times into a 

massive tumor of about 10- - 15 mm diameter and the change uyei ; the tumor volume was 

observed?™. The results are graphically shown in fi-^Figure 5-.-., In the graph, the black 

squares s y, =api=&sen - ^ le "control" which are the results of s ix tim e^ in|ecti I PBS buffer 
sjysMrirn< into the tumoi »lacl 3feaftd showfeprese-frt* "AdE3-lA1.3B" which are the 
results of administ? : a-i^H-^;o: si;; lxlO 10 viral particles ojjLhe .id- is us Vil JA1.3B p er 
mouse--8f--Ae--a4e»&¥i-His--A4E-^---l-A-l-."3-B-iv the b lack triangles shows the results of administration 
^irjjJl lxlO 7 SW626 cells , * ^ \ * N - per mouse., 

\ v ^> 0 - \ v ^ =4; ■ iv- ; lack s ; • :• - . shows 

the results of administ ; 1x10 293 cells in fected with the adenovirus AdF 3 \ v H 

as s : * f > A\ per mouse arfa K^i~wHh-"th6"ade>^evk : as-" A4E3-I A4:3B- at "2§ - ¥ fi re^ ^ 

w-White squares shows the results of administ*> efi ring lxlO 7 A549 cells . 1 e-'vd v ■] -.be 

.v. . • v : \' \ , • . pei mouse- vk^-.-w-----: a-;-h--rW--:-: -: :;\ \dr ; - ; A ! .>B :a 

_As shown in the Figure, when. 293 cells and A549 cells wen used as the carrier 

cells,, they showed complete disappearance of the massive tumor wb i+4 * -JO .15 mm 

diameter) 50 days after the - SW626 cells showed a_ 98% f-oN' -.o^ 

\ >- ^ Similar experiment as shown above was carried out by subcutaneous 
transplantation of human ovarian cancer cells PA-1 into 5-week-old nude mouse-. The results 
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are shown in § 6 As shown in the I • I ,\ the massive tumor with-abette - f lO-,: 

15 mm diameter) completely disappeared by i-k^-usm^ * 293 cells and A549 cells as the carrier 

cells:--, SW626 cells showed complete disappearance of the tumor in four out of five mice. 

[Example 3: In vivo antitumor effect in subcutaneous tumor model mouse with normal 
immune system] 

The% in vivo antitumor effect of the cancer gene therapeutic drug of the present 

was investigated using (C57BL/6xC3/He) Fl mkee^-s-e with abnormal 

immune function. - : In the experiment, each antitumor effect was investigated withift the 

following conditions.; 

(1) Tlhe ovarian cancer cells OVHM were subcutaneously transplanted to the syngenic 

model mouse-. --. After 10 days or more. A549 cells we; e infected with the adenovirus 
AdE3-1.3B at a concentrationfate of 250 vp/celh followed by radiation exposure., were six-times 
administered six times into a formed 5 10 mm tumor.-, 

(2) Aa 7-week-old syngenic model mouse was immunized in advance with an adenovirus 

for immunological treatment-.--.,......After three months, the ovarian cancer cells OVHM were 

subcutaneously transplanted in a similar manner with that of (1) and then, after 10 days or more, 
A549 cells infected with the adenovirus AdE3-lA1.3B at a concentratiortf ate of 250 vp/celL 
followed by radiation exposure, were s k-tim es- a dministered six times into a tumors-find-- 

(3) PBS >-vs administ! red falions o f PBS buffc* - into a tumor as 

a control. 

JQ0893 T he results of the above experiment are shown in a graph of 1 V 7 In 

the graph, the b lack squares iftegepfeseate "control" which are the results of the above 

condition (3); : the b lack circlesfouftdr^sepfeseats show "AD(-)— >A549" which are the results of 
the above condition (1), without administ* ^ o _ the adenovirus for immunological 
treatment; inj I the i »] lack triangles shj sv repres e nts "Ad(+)^A549" which are the results of the 
above condition (2), with administ the adenovirus for immunological treatment. 

\ \ on-proliferative type adenovirus having no El gene was used for the adenovirus for 

immunological treatment—.. More specifically, it was an adenovirus with an inserted LacZ gene 

; 5 . t ..4 t ~ -downstream of the CM V promoter-.-^ As shown by the ! gore, the above condition 

(l).. v without prior immunization by adenovirus, showed 20% antitumor effect in comparison to 
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the control, while the above condition (2), with prior immunization by adenovirus, showed a 
marked antitumor effect 3~ .4 days after the start of administration and the tumor was 

completely diminished after nine days with ^disappearance of lymph node metastasis- As 

shown by the example, the potent and dramatic antitumor effect in mice with a normal immune 
system, despite ef their antibody production, might be caused by the induction and raising of the 
CTL reaction within the living body due to 1 ^ administ ; the adenovirus for 

immunological treatment. 

HXfe l 9f The oncolytic adenovirus is infected from the carrier cells to the target tumor cells 
by cell to cell interaction, specifically it proliferates in the. tumor cells and is considered to exert 
cell lysis (cytolysis) action to fuse and/or kill the target tumor cells-.---. The cancer gene 
therapeutic drug of the present f +*-^+K+*>*! I ^ m o is considered to induce a potent CTL reaction 
within the living body by prior administration -e feri ng the adenovirus for immunological 
treatment, which eliminates the oncolytic adenovirus infected target tumor cells and induces 
complete natural elimination of the adenovirus infected tumor cells. 

{-00944— One manner of infection of the adenovirus to the target tumor cell is 

- • O'-' LLJx s . a cell fusion caused by the adenovirus-.-- I 8 ;s a vk«^-4-4fee 

fest^-ef-e«fimphotomkro of ceils after overnight culture^ after&ere 

dmini s t 10,000 vg crrtv-ifa^--pa-x : tie : [e?;"p^--e e M- of the adenovirus inactivated by 

UV irradiation v into a well with A549 cells---euk«f€d-;--.. As shown by the arrow 

marks in the 1 1 - s . administ the adenovirus caused cell fusion and 

multinucleated cells were sporadically observed. -. No such cells were observed infer A549 

cells without * % % \ o „ v adenovirus ^Ht-SMs^ra-U"-*-; (see ; ; I -f > > c ) ) 

{{40^2- j -Predicted infection manners, other than cell fusion, are a -cell adhesion to the 

target cells by thce j carrier cellsy and infection of the adenovirus to the target tumor cells by a 

local burst >vuh a , a-sH4---4:t"-carrier cell fragment including the adenovirus---. In any way, 

proliferation of an adenovirus having a tumor specific promoter in the adenovirus infected target 
tumor cells may lead to presentation of a potent antigen (or, a cancer specific peptide recognized 
as an antigen secondarily), and the tumor cells may be eliminated by the CTL reaction. 

10 ^>aj [Example 4: Antitumor effect by the use of a midkine promoter] 

The% antitumor effect I>-v --hk- us ; a midkine promoter was investigated;--.. 
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Ftg rFigure 10 (a) shows the <-^U- ^ , midkine (MK) mRNA expressions in 

human surgical samples 1- - 21 by RT-PCR— As shown by the H^uro, excessive 

expression of the midkine mRNA was observed in malignant gliomas meh as, such is 
glioblastoma and anaplastic astrocytoma, and in diffuse astrocytoma--. Thus, the excessive 
expression of midkine is observed in many cancel s s. sue cerebral tumors. 

[-(-H-VsU * 10 (b) shows the ^ f tHVr-^t;t;tr^ Hr^ ^ -midkine mRNA expression 

by RT-PCR in four cell lines of malignant gliomas in a similar manner as shown above-- . As 

shown by the F ^ , o, no expression was observed in U87MG and excessive expression of the 
midkine mRNA wasere observed in U251MG, LN319 and U373MG. 

Uv^l -F\? § sj^iio 10 (c) shows the re^jfiH m^ngas-h-H * -midkine protein expression 

in the. above mentioned each cell line by Western blotting analysis--. No expression was found 

in U87MG, as well as, mRNA:-.; Excessive expression of the midkine protein was observed in 

U251MG, LN319 and U373MG. 

[0()96} -Then, a promoter assay of the midkine was performed-.- -. In the experiment, 

activity of two different length midkine promoters (600 bases and 2,300 bases) was compared™. 
Plasmids (pGL3-MK600 and pGL3-MK2300) with msepted - a luciferase gene se d__aiH m 
downstream of the r espective promoters were introduced to each of the above mentioned cell 
lines and their respective luciferase activity was investigated to evaluate the promoter activity.-.. 
The results shown in ftg-Figure 11 revealed a higher promoter activity in the 600 base sequence 
length than ; -ti in the 2,300 base sequence length in the malignant glioma cell line. 

{'W e 12 (a) shows a schematic diagram of the oncolytic (cytolysis type) 

adenovirus structure having a midkine promoter designed in the present experiment—.. The 

midkine promoter having a 600 base sequence or a 2,300 base sequence was introduced at the 
site of 552 bp. 

: ' N r-H e 12 (b) shows the -e^ , s in ve s tigation of E l A protein expression in 

the above mentioned each cell line infected with three types of adenoviruses by Western blottmg 

analysis--. As shown in the Figure, expression of E1A protein of the. adenovirus was observed 

in midkine expressing U251MG, LN319 and U373, by the infection of adenovirus (AdMK600) 
having a 600 base length midkine promoterr-. Expression of E1A protein was observed in all 
cells, including normal brain cells, by wild type adenovirus (AdWild) and no expression of the 
El A protein was observed in all cells v I lefej control virus AdLacZ. 
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[0099] I i*g 1 \guxi 13 (a) shows the results of ^comparative investigation oft ^ N 

oo o >■ ■ • cancer cells >lif e ration inhibitory effect by three jv.>-h-;s of 

adenoviruses-.--. Wild type adenovirus (AdWild) showed a potent firolife ratioft-iaMbk-efy 
in all cells, whereas adenoviruses (AdMK600 and 
AdMK2300) having the midkine promoter showed the n 

only in midkine expressing U251MG, LN319 and U373MG---. These 

results were well correlated with the results of midkine mRNA expression and promoter activity- -, 
The adenovirus AdMK600 showed a .more potent on eiloc 

on f sola- l: ^ than ■« +h AdMK2300 ^ , •> ^ s 2.300 base sequence length. 

rOiQQl-Ft g vF igure 13 (b) shows the result s of investiga H-H-v-f- adeno v i ru s E3 domain's 

influence on the ftge& feation inhibitory effect s ^ As shown in 

the Figure, AdMK600 having an E3 domain exhibited about a 10-fold potent |-«-i--kv^H*H 
: 66tinnibitory effect on proliferation than an that of adenovirus having no E3 domain 
(AdMK600-AE3). 

t«. 1^* s o 13 (c) shows the ye ^ lts-ef-^vgstiea^en-ef-antitumor effect of an 
adenovirus in a nude mouse subcutaneous transplantation model witfae f about a 5- - 100 mm 
diameter tumor—. In the P4gr rFigure , the b lack diamondsf hemfeHS-mark'S show f epfe*enf~the 
results of adrninistmtk^n-oferirjj the wild type adenovirus AdWild;? the,, black squares show 
c»arifS-*ejM«se»t"the results of administaatien-o fering the adenovirus AdMK600 having a midkine 
promoter;, f he. black triangles V v ii;- results of administs^-n >n><! !h\. rk 

adenovirus Ad-P-gal with an . inserted LacZ gene;.; and v black v - 
show the results of administitH <mo * k only PBS buffer. .As shown in the Figure, only the 

wild type adenovirus showed antitumor effect in the U87MG without midkine expression-. - In 

the U373MG expressing midkine, AdMK600.. as well as, AdWild p roduced g ave-a complete 
disappearance of tumor. ...No marked difference was observed between the control of -with- 
inject H-'-i \ , only PBS buffer and 4«4-wah-inject ions wlthe d AdLacZ. 

Hmtivj -Furthermore, an... adenovirus having the above mentioned midkine promoter 
(Ad-MK600) was infected into the carrier cells and the antitumor effect of the virus infected 

carrier cells was compared to 4\M----s-H----administ>oi --o ; . only Ad-MK600— In the 

experiment, 293 cells and A549 cells were used as the c arrier cells. I \iove mentioned 
U373MG cells were transplanted ioto~-_5-week-old nude mice@«se to give a 10- - 15 mm 
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massive tumor after three weeks- The virus infected carrier cells or only Ad-MK600 v\ o_o ^ 

administered and the tumor volume was compared after four weeks: -. The results are shown in 

£*s- Pi gore 14--- ; In the J i* I igure, "Ad-MK600" shows the results of administ->.-^ --^ 

only Ad-MK600:-. and-eaeh "293" and "A549" show the results of administ^h^ -uo^sij the 

virus infected carrier cells using 293 cells and A549 cells as the carrier cells, respectively,- , As 

shown in the Figure, adminisb ^ o ^ the virus infected carrier cells showed complete 

disappearance of the tumor-.- -, Administrates efering only Ad-MK600 showed almost no 

difference with that of the control. 

Practically, favorable therapeutic effects on the ovarian cancer and malignant 
glioma were observed by application of carrier cells \>, a-, is- h :j A549 cells and 293 cells 
and an adenovirus having a 1A1.3B promoter or midkine promoter as the oncolytic virus- The 
midkine promoter can be used for various malignant tumors in addition to malignant glioma and 
is considered effective in the cancer therapy of other than malignant glioma. 

|^404]-[Example 5: Influences of Fe and ALA on the pi : QM-fe-a^H-iBM b k€4-y egee iinhibitory 
j ffect on pr o jjj'N;ijjOii of adenovirus AdE3-l A 1.3B] 

Ovarian cancer cells HEY were cultured in a„ 12- well plate at a i^uo^ osns of 

10,000 cells/well and FeS04 was added at a concentration of 50.,ug/ml, 5..ug/ml, 0.5..ug/ml or 0 
Hg/ml on the following day and the cytolysis type adenovirus AdE3-lA1.3B was added to all 

wellsr-. The ^ uo t \ inhibitory eftW o i of the adenovirus 

was evaluated by IC50 after five days-.-. The results are shown in . - i.s 15 In the 

Ftft rFigure , the vertical axis shows the. relative concentratiorff ate (vp/cell) of viruses at IC50 in 

each condition-.--, As shown in the Figure, administ^4*HMv4V:rjng 50_|xg/ml of FeS0 4 and the 

adenovirus showed about 20-fold, and administ r-aw>H"<»ferin g ; 5„|xg/ml of FeS0 4 and the 
adenovirus showed about an. 8-fold p-t^l-te^kw* n o?=v 0 - 
respectively, to that of only adenovirus administration. 

x ^ Next, the ovarian cancer cell line HEY was cultured in a 12- well plate at a 
i : a4 ^.oh-..cnirauon of 10.000 cells/well and 5-aminolevulinic acid (ALA) was added at a 
concentration of 50..ug/ml, 5..ug/ml, 0.5.u.g/ml or 0_u.g/ml on the following day and the cytolysis 

type adenovirus AdE3-lA1.3B was added to all wells-:--. The - ^ * ^ o * 

v-tT-. 5 1 - : N \ ; \ r. , , , ^ ^ : juo!.] of the adenovirus was evaluated by IC50 after five days-.. 
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The results are shown in feg^ Figure 16 In the ftgrFigure, the vertical axis shows relative 

<..>KV" !:MOi:>--n (vp/cell) of viruses at IC50 in each condition. -, As shown in the Fk : ; ?; \ e, 

administi : a-U<i+v --o-ionsvj 50_|xg/ml of ALA and the adenovirus showed about a 100-fold 
^ ^ ^ to that of only adenovirus 

administration. 

ll'KH Furthermore, the ovarian cancer cell line HEY was cultured in a 12- well plate at a 
<■ ^ ' : of 10,000 cells/well and FeS0 4 was added at a concentration of 50ug/ml, 
5(ig/ml, 0.5(ig/ml or 0u.g/ml on the following day Vfa addition N y, the cytolysis type 
adenovirus AdE3-lA1.3B and 50ug/ml of 5-aminolevulinic acid (ALA) were added to each 

welL—. Only the adenovirus was added to * > control-.-—. The f^>,ii-iW<u*---H----H*!*i-l : >Hv^-v 

■ s\+ .0 v onoo v i ^-I^knv. • of the adenovirus was evaluated by IC50 after five days-. 

The results are shown in Rg-. Figure 17-.—. In the Figure, the vertical axis shows the relative 

administration fateeoneentrati o ; \ (vp/cell) of viruses at IC50 in each conditionr-. As shown in 

the 1 t ;v 0, concurrent administration of 50„..ug/ml of FeS04, 50..,.ug/ml of ALA and the 
adenovirus showed about a 1,000-fold pre4tf@fatieH--"iaMM^ 6 ! : y---e4 n - ljIu.::^:.: ^.■■J:lfeslL..gj]. 

to that of only adenovirus administration. ^Concurrent administration of 5„u.g/ml of 
FeS04, 50_u.g/ml of ALA and the adenovirus showed about a_700-fold prolifemtio iv- kMHtfrgy 
v to that of only adenovirus administration, and concurrent 

administration of 0.5__.u.g/ml of FeS0 4 , 50._ug/ml of ALA and the adenovirus showed about a 
200-fold ^ x - to that of only adenovirus 

administration. 

fO-j-OT-J— As mentioned above, it was found that ALA and Fe markedly enhance the 

of the oncolytic adenovirus 

AdE3-lA1.3B. -ALA and Fe elevate the infectivity of adenovirus and the amount of virus 

production, because Use p-gal assay revealed increased infectivity of adenovirus and the PFU 

assay revealed an increased amount of adenovirus production;-- . That is, ALA and Fe can 

enhance the antitumor effect, because they can increase the infectivity of the adenovirus to 
cancer cells and the amount of virus production within the cells. 

ALA is known to be a porphyrin metabolite taken up into cancer cells and its 

metabolite protoporphyrin IX is likely to be accumulated by the porphyrin metabolism- . This 

compound has photo- sensitizing effect and it can be utilized for the photodynamic therapy (PDT) 
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of superficial cancer, together with an excimer dye laser. 

bo\ e mentioned protoporphyrin IX binds with Fe to give a heme and forms 

heme proteins--»tt6h~as s such as, cytochrome in cells-. -_. The heme proteins are involved in the 

respiratory system in intracellular mitochondria, ATP production and protein synthesis-. Thus, 
the heme proteins are involved in protein synthesis, including production of the adenovirus if the 

adenovirus infected; -. Therefore, promotion of the porphyrin metabolism may lead to the 

increased adenovirus production. 

I < ■ > J i o ■ The cancer gene therapeutic drug of the present , as well as the 

cancer gene therapy of the present * ^ - - ^ \ can further increase the therapeutic effect 

by concurrent use of Fe and/or porphyrin compounds~sa<8h--e s, such as, ALA—. That is, 
concurrent use of Fe and/or porphyrin compounds ^k^s ^vh ALA enhances antitumor 
effect, even under an infection suppressive condition in the presence of antibodies-.- by 
acceleration of the CTL response caused by the increased adenovirus production in the target 
cells-.-. Concurrent use of Fe and/or porphyrin compounds can enhance the antitumor effect not 
only in a syngenic mouse model with immune system but also in a human body. 

f(-)-l--l--14--In the cancer gene therapy using the oncolytic virus, concurrent use of Fe and/or 
porphyrin compounds --s-Heh-a s, such as, ALA is expected to enhance the therapeutic effect, even 
if the carrier cells are not used. 

f0443]~-[Example 6: Investigation for optimization of cancer therapy using the cancer gene 
therapeutic drug of the present inventieft disclosurel 

The following a series of experiments wereas carried out to optimize the cancer therapy 

using the cancer gene therapeutic drug of the present +j>v n'^sM^ . . 

(ul At first, an investigation o f the in vivo antitumor effect of the cancer gene 
therapeutic drug of the present w^wi ^>bU >:h:.\L ! ?Y was performed in a similar manner to the 
experiment shown in Fifr Figure 7 using a subcutaneous tumor model mouse [(C57BL/6xC3/He) 

Fl areas emicel with a normal immune system^. .In the experiments, (C57BL/6xC3/He) Fl 

HH-H*-->i!!ce of 5-week-old were-as immunized in advance by f-be-administ \ irus 

for immunological treatment, and twelve weeks later, ovarian cancer cells OVHM were 
subcutaneously transplanted at a o < of lxlO 6 cells per mouse to form a 5-—.10 mm 

tumor-; --. Then, A549 cells (Ad-A549) infected with the above mentioned adenovirus 
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AdE3-lA1.3B at a fatecono titration of 250 vp/cell were administered into the tumor--,..... A 
non-proliferative adenovirus having no El gene was used as the virus for immunological 
treatment, more specifically, adenovirus Ad-P-gal with anjnserted LacZ gene an 1^ downstream 
of the CMV promoter, without inactivation by UV irradiation., was used and intracutaneously 

administered at a a i ori of lxlO 10 vp per mouse.-, The carrier cells, A549 cells, 

were irradiat: en • --aied at a dose of 200 Gy and were administered into the tumor of the mouse at 
a^t c;o een of 5x1 0 6 cells per i usn ,o-;k- a-fH six times in total. 

\iu 1-4-1 The results of the above experiment are shown in Ry- j res 18 (a) and (b)--. In 

each graph, "Ad-P-gal— >Ad-A549" ^s.-v^ ^>*h - the results of the above mentioned 

experiment, "Ad-A549" ^hov s ><rf-< <r v-the results of administi to- ■ ■ ■ only the carrier 

cells, "Ad-P-gal** the results of administers .5^:1:^ only the Ad-P-gal for 

treatment (not as the virus for immunological treatment), and "control" shov s r«pFes©Rte -the 

results of administt t?f nog PBS buffer. .. Number (n) of mice in each group wasterog 

five animals ^ w K u *>f . Figure 18 T h e - g raph-l a*) shows the v4Kc*ve4--; : ?---HV--<4^umor 
volume in e£-each mouse for a comparatively short period and 1 5 j>^- i \ ^ >u (b) shows the 
eb ^ ffv^-f-esalts oi survival rate of the mice m&ase--- in each group for a long period.-. As 
shown by these figuresgfapfe, a potent in vivo antitumor effect was observed in 
"Ad-P-gal^Ad-A549". 

lh< |#l4->}- "A<fanini s teatiea - "i nterval between administea&oa -e ferin g the adenovirus for 

immunological treatment and 4^-ef-the carrier cell was investigated- This experiment was 

simik#y- carried out imp =• ts that in 18,. except for the various changes met" the 

t Hti-tt-*f^H-« - intervals > and infection of adenovirus AdE3-lA1.3B with carrier 

A549 cell at 50 vp/cell. 

The results of the above mentioned experiments are shown in c\ 19 (a) and (b)-. 

In each h^n. - <. "2-4w", "5-9w", "T0-15w" and "16-22w" - •: - ■■" the results of 

experiments with above mentioned administration intervals of 2~_ 1 _4 weeks, 5~.. : -..9 weeks, 10— 

15 weeks and 16-..-. 22 weeks, respectively-. Number (n) of mice in each group washa-vw-g five 

animals i skm-, >y - a « g As shown by these Figures, the best antitumor effect was obtained 

when flie. above mentioned administration interval was set at 10-. : ...15 weeks--. As shown by the 

present experiments, when the adenovirus Ad-P-gal. without inactivation, wais administered as 
the virus for immunological treatment, the CTL reaction by T cells wais considered to become 
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predominant at about 10--... : ..15 weeks after the administration, compared with tL* suppression of 
infection due to neutralizing antibodies. 

i ' . ^ V.bo\e mentioned administration interval is ■ . :i4y to be short in 

consideration of the clinical application"--. Then, u \- ^ v v k o whether the above 

mentioned administration interval c * be -^d^ shoik b> d^ us ^ inactivated 

adenovirus Ad-0-gal as the virus for immunological treatment v ^ —un4---. As shown in 

I \ '■ h i e 20, it was found that when the UV inactivated adenovirus UV-Ad-P-gal by-U - V 
- t was used as the virus for immunological treatment, the 

administration interval often** four weeks or three weeks showed* favorable antitumor effects, 
that is. inactivation of the virus for immunological treatment can be shortened to an the *bwe 
administration interval one about 3 I weeks. 

s v \ vbove mentioned experiments were ~h-:*h U -carried out • hv-ibu to those of 

experiments shown in \ $ ; 18. except for the following points; inactivated adenovirus 
UV-Ad-P-gal was used as the virus for immunological treatment, the above UV-Ad-P-gal was 
intracutaneously administered at a fateconcentration of lxlO 7 vp per mouse, the afeeve 
administration intervals were set to three weeks, four weeks, five weeks or six weeks, 
and the carrier A549 cell was infected with the adenovirus AdE3-lA1.3B at a eate onj enti ition 

of 50 vp/cell- Number (n) of mice in each group wasfeaviftg 10 animals b> 5 — 

2 1 shows the i^Htt s- ^f - ittv es tiga t kH"0f"V jrus.dosage 4h&--v-i«s--when 

«feew--m®m4efted~-UV-Ad-P-gal was used as the virus for immunological treatment. ...In this 
experiment, the : n~. o , 0 s : imou of the UV-Ad-P-gal was changed to;-.R- a range of lxlO 6 vp to 
lxlO 11 vp. ...The experiment was carried out simila r to ly with that sh ew^-to- R^.l :^. ! jv 20 : . 
except 0 i-> i H-* v 5 < administration interval was set at six weeks-.-. The result 
showed that the un- - • , \ 1 , : of UV-Ad-P-gal set at lxlO 7 vp gave the best antitumor effect--.. 
(From this result, the r a- ; . ; ; : . c : 1 1 ; ; ; i r ; r : of UV-Ad-P-gal was set at lxlO 7 vp in the experiment 
shown in I r.l iZi-re 20). 

;.o ^ 22 (a) and (b) show the *>m4* ^ +w ♦** effect of tumor 

immunization (tumor vaccination). { he --\ bove mentioned UV-Ad-P-gal was intracutaneously 
administered at a ■i*-„',\o:V noo of lxlO 7 vp per mouse., and after 10 days, for tumor 
vaccination, irradiated ovarian cancer cells OVHM were subcutaneously transplanted at a 
' t^tv^ \ ^ o/s of lxlO 6 cells--. Simultaneously, squamous ep. cancer cells SCC7 or ovarian 
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cancer cells OVHM were subcutaneously transplanted at a fateconcentralion of lxlO 6 cells— 
Then, AdE3-lA1.3B infected A549 cells were administered • : j r •.. • at a • a;.kL ; ■ : of 

5xl0 6 cells : . m.-v c - s in o a formed 5 10 mm tumor (in the Rg-J igure, shown 

by "OVHM-RT+Ad-P-gal^SCC7" and "OVHM-RT+Ad-P-gal^OVHM") ; — , The 

v^' v > ' \ o,>o 1 < showed a, marked inhibition of tumor growth and proliferation 

in comparison to the control group.,... *! n the — > j ,\ "SCC7 " SCC7 tumor 

treated by the carrier cell without tumor vaccination, and "OVHM" v Hs OVHM 

tumor treated by the carrier cell without tumor vaccination)--. Especially, fey—the tumor 

vaccination with irradiated OVHM followed by- the carrier cell treatment, sh^e-i the formed 
OVHM tumor completely disappeared in all mice without recurrence. 

fvM ^ 23 shows the -e- ^ % tumor vaccination with 

non-small-cell lung cancer A549 cells. In this experiment, irradiated A549 cells infected with 
adenovirus AdE3- 1 A 1 .3B at a of 1 00 vp/cell were subcutaneously transplanted 

at a y-a*^oncov»r;>t.ion of lxlO 6 cells per mouse:-,. After 40 days, ovarian cancer cells OVHM 

were subcutaneously transplanted at a yateconcentration of lxlO 6 cells—, The mice (in the 

o, "AdE3-1.3B-infected A549— >OVHM") also showed marked inhibition of tumor 
growth and proliferation in comparison to the control group (in the fig- : Figure , "OVHM" 
wfH^^&ishoxh s OVHM tumor treated by the carrier cell without tumor vaccination) with marked 
improvement in survival rate. 

The I \ , bove mentioned results show that the antitumor effect can be obtained even 
by tumor vaccination with different kinds of cancer cells. 

.[0122] T hen, the effect of administuH+>>* v atelocollagen together with the carrier 

cell was investigated. _In this experiment, A549 cells infected with a predetermined amount of 
adenovirus AdE3-lA1.3B were administered to 5- to 10-week-old (C57BL/6xC3/He) Fl 
v at a \ of 5x1 0 6 cells g th fe* » \ - i atelocollagen at a.-te- -^^ii-k-e- final 

concentration of 0.1%. r-a-ftd-Ik was investigated whether ik ; o r v \ .1 v o ,v\' the death rate 

caused by the side effect due to the administ«**^^o^xw ;.k ...adenovirus v s s ^ -*>.^ The 

results are shown in : - 1 -\ . 24:-, In the > . tight bat kv- — the 

results of adminis tration o f ering atelocollagen together with adenovirus AdE3-1.3B infected 
A549 cells at a 3 - o s on of 50 vp/cell or 250 vp/cell. Fhe I left and central bars 
ny-<CNC*nsk v.. the results of admintst - • , adenovirus AdE3-1.3B infected A549 cells at 
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a <.\ec- v : \ < of 5 vp/cell and 50 vp/cell, respectively (no atelocollagen is mixed). As 
shown in the F**-j j\ e, simultaneously admmist *;?...-ek \ atelocollagen dramatically 
reduced the death rate caused by the side effects and the administration dose can be increased. 
This may be caused by the inhibition of adenovirus dispersion and the blockage of 
anti-adenovirus neutralizing antibodiesy by the atelocollagen. 

? * As shown above, simultaneously administ fr fering atelocollagen and carrier 
cells suppressed the side effect and a high dose administration of adenovirus became possible. 

-\ ^ - Next, the adenovirus Ad-P-gal without inactivation treatment was administered 
once, twice or )jh oiwk* into a mouse-.- to increase the. .anti-adenovirus antibodk-.ty in the 

blood by the booster effect-, After that, the antitumor effect was investigated in each mouse-. 

In this experiment, adenovirus Ad-P-gal was ^Iniinwoie-} once, twice or - -nv >iW 
i-i^-^ ' \ to 5-week-old (C57BL/6xC3/He) Fl iiw ^ nsw (administration at every four 
weeks at a Fate concentration of lxlO 10 vp), thereafter, ovarian cancer cells OVHM were 
subcutaneously transplanted at a fa teconcentration of lxlO 6 cells per mouse to form 5-^10 mm 

tumor and irradiated carrier cells were administered into the tumor----. A549 cells, optionally 

mixed with 293 cells, were used as fee carrier cells. 

|Q4-2#} -In case of mixtures of A549 cells and 293 cells, A549 cells infected with 

adenovirus AdE3-lA1.3B at a of 50 vp/cell were administered at a 

eafe c em at of 3.75xl0 6 cells, and 293 cells infected with adenovirus AdE3-lA1.3B at a 
i-rs-kv- 50 {:M^i:>-ii of 10 vp/cell were administered at a ^---uyu e^i .iii^i of 3.75xl0 6 cells, 

respectively, into the tumor as e U Mt cnr administration-; -. These two kinds of carrier cells 

were administered six times in total-. The results are shown in FigrFi gures 25 (a) and (b)-. In 

the c ase of administg^tt— ,4 Vr i n g only A549 cells, A549 cells infected with adenovirus 
AdE3-lA1.3B at a >.Vx \.s:\:S.£:}k..:lKJ of 50 vp/cell were administered at a . • of 

7.5xl0 6 cells per mouse into the tumor at. each ae administration--. The carrier cells were 

administered six times in total-,; The results are shown in a 26 (a) and (b)- In the 

Fi-grI gi e 25 and ¥k i 26, "xl", "x2" and "x3" the results of 

adenovirus \d--p-g once, twice and t o - x>t a<tenwktts- -Ad-P-gal, 

respectively--, As shown in these figures, the c arrier cells showed antitumor effect even in 

anti-adenovirus antibody positive miceease, caused by the several administrations of adenovirus 
Ad-P-gal—. The mixture of A549 cells and 293 cells used as the c arrier cells showed superior 
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results to that administt rttea-^fering only A549 cells. 

{-M:~< 27 (a) and (b) show the » /// vivo antitumor 

effect by administ «**»•••*•. ... carrier cells (A549 cells) infected with ••>«»»-^!*K--adenovirus 

AdE3-lA1.3B , ^ - , vU^-GM-CSF expression vector, and further together with atelocollagen. 
In this experiment, adenovirus Ad-P-gal was administered once, twice or - 'iisiosH^R-^ (every 
four weeks at a * '-csv^v; of lxlO 10 vp) into 5-week-old (C57BL/6xC3/H3) Fl 

i < in a similar manner with the. experiment shown in < • • s v . . - 26. 

Then, ovarian cancer cells OVHM were subcutaneously transplanted at a 

•t'v\o-\0!\ i v;i of lxlO 10 cells per mouse- After formation of a ; \ Jt >*t<ue tumor 

v- ^- iQ-mm-ditHn e t & f , irradiated carrier cells (A549 cells) were administered into the tumor-.. 
The carrier cells were infected with adenovirus AdE3- 1 A 1 .3B at a - i lonccus-iuon of 50 vp/cell 
and a GM-CSF expression vector (a vector with an inserted a-GM-CSF gene at the adenovirus 
El gene deficient site and a-H%s-downstream of the CMV promoter) at a ntK=-. cm* v< >u of 10 
vp/cell--. The prepared irradiated A549 cells were administered ^ the tumor at a 
;<»•.•■••. ■• au<-n of 7.5x1 0 6 cells, together with atelocollagen (concentration at 0.1%), for em- 
■ .\ '•• administration. ...These were tfo^tk«eH>^Hidministered ; • •• . ' in total. 

+ -In ^Figures 27 (a) and (b), "Ad-p-gal->AdE3-lA1.3B+GMCSF' 
^f.H^^Mshows the results of the... above mentioned experiment, "Ad-P-gal— ► AdE3-lA1.3B" 

ss the results of six « \ administrations of carrier cells (A549 cells) 
infected with adenovirus AdE3-lA1.3B at a *t*h\\^\\ - 1 a< ^ of 50 vp/cell into the tumor at a 

♦fttecon centtalion of 7.5xl0 6 cells for each one administration-.-. As shown in the Figure, three 

t+mes; -administrations of "AdE3- 1 A 1 .3B+GMCSF' showed a ...more potent in vivo antitumor 
effect than th&t~ef-six t*me* -administrations of "AdE3-lA1.3B", in all .J' ' \st a; ' of once, 
twice and % vs h * of adenovirus Ad-P-gal. 

i -o -s* Vbove results showed that infection of «at-e«Jy-the oncolytic adenovirus and 
b^t-afee-GM-CSF expression vector to the carrier cells wais very effective in cancer therapy. 

28 (a) and (b) show the results of inv es tigation of effect of 
intraperitoneal administration of an iron preparation at the time of carrier cell administration. 
In this experiment, adenovirus Ad-P-gal was gdu'ia wcj cd _ once, twice or - e 

va-h-m-t-i-i-\-H^4-( every four weeks at a i : a-b-v- r'- ■ : of lxlO 10 vp for < achei>e administration) 

to 5-week-old (C57BL/6xC3/He) Fl aae«s« mice . Then ovarian cancer cells OVHM were 
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subcutaneously transplanted at a i^vok onii uu^s of lxlO 6 cells per mouse---. After formation 

of 0: . v i m^; J amctor tumor v.»*h 5-10 mm diam e ter , irradiated carrier cells were administered 

into the tumor-.-. A549 cells infected with adenovirus AdE3-lA1.3B at a fate concetmouoo of 

50 vp/cell were used as the carrier cells and administered at a i*H*v>nk\ ih.\ui>>m of 7.5x10 cells 

for . .v administration-:-- : At the time ot can lei cell s im, 0.01 

mg of iron dextran (Fe-Dextran) was intraperitoneally administered as an iron preparation— ^ 
These were thr ee tim e s (x3.) administered ] ee es x in total (the iron preparation was also 
administered at» every occasion). 

: hi-\~*H In \ !; , ; ...» 28 (a) and (b), "Ad-p-gal-»AdE3- 1 A 1 .3B+Fe »«» * *msh-. s the 

results of the above experiment--. "Ad-B-gal— >AdE3- 1 A 1 .3B" -if iv*v\ s the results of six 

times (x6) administrations of carrier cells (A549 cells) infected with adenovirus AdE3-lA1.3B at 
a KHt v- -no .- s oration of 50 vp/cell in the tumor at a *^o<\ N <wn'vi of 7.5xl0 6 cells for eac h©a< 

administration;-,. As shown in the Figure, three times-administrations of "AdE3-lA1.3B+Fe" 

showed a .more potent in vivo antitumor effect than <■ i< ^ six - - - administrations of 
"AdE3-lA1.3B" (in which case, only the carrier cells were *\ administered), in all l&aee, iPmse 
and litirnw administrations of adenovirus Ad-0-gal. 

Hie f OI - Mi - A above results showed that a combined administfatien ring the carrier cell 

with an iron preparation is very effective in cancer therapy. 

{&-l-32-}--Then, thea radiation dose in the radiation exposure treatment to the carrier cells 

before administration was investigated-.-. In the experiment, 5-week-old nude mice werewse 

was- used and A549 cells were irradiated at different doses and then subcutaneously transplanted 
at a ^-iVv.o, \ o :-k\- of lxlO 7 cells per mouse, and the formation and growth of the tumor was 

observed-. -; The results are shown in Fig:Fig.are 29—, As shown in the Figure, formation and 

growth of ilietumor was inhibited by setting the radiation dose at 120 Gy or over. 

| I--3-3-] In an experiment using (C57BL/6xC3/He) Fl - ■ - ■ . ; 30 shows 

the *?**tlis -e£-kr¥est ® antitumor effect when the carrier cells (A549 cells) were treated by 

radiation with various doses- : In this experiment, adenovirus UV-Ad-P-gal was administered to 

5-week-old (C57BL/6xC3/He) Fl o , so ] ; at a ,v v of lxlO 10 vp-.--, After five 

weeks, the ovarian cancer cells OVHM were subcutaneously transplanted at a 

of lxlO 6 per mouse-.-, After formation ot v. tumoi x ^ *-e% 

carrier cells irradiated at a dose of 50 Gy, 100 Gy, 200 Gy or 400 Gy were administered into the 
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tumor-. A549 cells infected with adenovirus AdE3-lA1.3B at a rateconcentration of 50 vp/cell 
were used as the carrier cells and administered at a pate concena ttion of 7.5x1 0 6 cells for eyuK^ 

administration;-., The carrier cells were - > six times in total The 

results showed a more favorable result at irradiation dose of 400 Gy than-that at a radiation dose 
of 200 Gy. 

[0134 > s 31 shows the * amount of infection of the 

oncolytic virus to the carrier cell- -, In this experiment, adenovirus Ad-0-gal was administered to 

5-week-old (C57L/6xC3/He) Fl mouse at a fateconcentration of lxlO 10 vp-, After four weeks, 

ovarian cancer cells OVHM were subcutaneously transplanted at a •:-.••?>:. k. i.a: • \ of lxlO 6 
cells-. -. After formation of a ' ; i; 1 to»n J; »a»- io: tumor > w| t ;' >•'- un* <h.\*n**<vx\ carrier cells 

(A549 cells) irradiated at a dose of 250 Gy were administered into the tumor-. The amount of 

infection of adenovirus AdE3-lA1.3B to the carrier cell was set at 100 vp/cell, 250 vp/cell or 500 

vp/cell-.. The carrier cells were administered at a t **t\»>ivcnt< •.•■u^ of 7.5x1 0 6 cells for eacheae 

administration-. --. Together with the carrier cell administration, atelocollagen (concentration 

0.1%) was concurrently administered in the tumor--., These were ad ; six times 

, , v? 0 v \! in total-.--., The results showed most favorable result at the infection 

fate conce on of 250 vp/cell, and found that fat econcentratto ns of 150-,.- .400 vp/cell gave 
favorable results. 

[-(fl - 32 (a) and (b) show the jg es tttt s -of-inv es tigatioa-of -effect of tumor 

vaccination in a similar experiment to that shown in RgrFigi s 31 In this experiment, 

adenovirus Ad-0-gal was administered to 5-week-old (C57L/6xC3/He) Fl m-easermce at a 

fi*fecoocom) :xt\ox) of lxlO 10 vp—, After four weeks, for tumor vaccination, ovarian cancer cells 

OVHM-RT irradiated at a dose of 80 Gy wereas subcutaneously transplanted at a 

pate concentration of 1x10 cells—,. Then, ovarian cancer cells OVHM were subcutaneously 

transplanted at a Hec< en i of lxlO 6 cells— _. After formation of a..; y :- J-,-: \- : 

tumoi - ^ v , carrier cells treated irradiated at a dose of 250 Gy wy.?: as- 
administered into the tumorv— A549 cells infected with adenovirus AdE3-lA1.3B at a 

rn>- - of 50 vp/cell were used as the carrier cells and administered at a 

h ^.vsKyi n>vu:'-u of 7.5xl0 6 cells for eachfr ttfr administration-, Together with the carrier cell 

administration, atelocollagen (concentration 0.1%) was concurrently administered in the tumor-.-. 
These were > ',:,i.\\v- three times • ; in total-—. The results showed marked 
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inhibition of tumor growth and proliferation in the mouse with tumor vaccination (in the 
fife -Figure , "OVHM-RT— >A549") in comparison to the mouse without tumor vaccination (in the 
1 o, "A549")- -, The survival rate was also greatly improved. 

\ • A .bove results show that the use of tumor vaccination provides a favorable 

antitumor effect together with the use of the cancer gene therapeutic drug of the present 



Industrial applicability 

{^4;>7} As described above, the cancer gene therapeutic drug of the present 

HW^H-H-m discloNure can be applied to almost all malignant tumors and can be expected to exhibit 
potent antitumor effect including ovarian cancer, squamous epithelium cancers (e.g. uterine 
cervix cancer, cutaneous carcinoma, head and neck cancer, esophageal cancer and lung cancer), 
digestive tract cancers (e.g. colons 5 cancer, pancreatic cancer, hepatic cancer and gastric cancer), 
neuroblastoma, cerebral tumor, mammary cancer, testicular cancer and prostatic cancer. 



